


COJEP)XAHUE

| 3321501 (<) 5 % (N 3
| I paMMaTHUECKUE TPYIHOCTH ....vvvvverrieeessssnsnnnrneeeseseeesssssssnsnssesseeessssssssssnnnnnseeeees 6
L 1000702 €0 0% (cT:) 10 6 (T 6
1.2 TlepeBoA HETUUHBIX (DOPM TIIATOIA +vvvvvrrrrreesannrreeeesssnnneeeesannnneeeessannnneeessnnes 7
1.3 IlepeBoa NACCUBHBIX KOHCTPYKIIMM ..veeeeriiiuenrrrreerneeeesssnsssinnnnneeeeeeesssnnnnnnns 10
2 JIEKCUUYECKHE TPYIHOCTH ...eiieiettrseeeeeaeeassssssnnnsseseeeeessssssnnnnnnneeeeeeeessssnnnsnnnnes 13
2.1 TlepeBoA MHOTO3HAUHOM TEPMUHOIIOTHM ......eeeivreeieeeeeeesssasiinnnnneeeeeeeseennnns 13
2.2 IlepeBo COKPAIEHUN U A0OPEBHATYP ....vvvvveeeeiinnrreeeessinnreeeesannneeeessannnneeas 17
2.3 TlepeBOA MHOTOKOMIIOHEHTHBIX TEPMHHOB. .......uutrrrrrieeeeesssasnnnnnnneeeeeeeesnnnnns 21
2.4 TlepeBoj yCIOBHBIX U TUIIOTETUYECKUX (POPMYTHPOBOK ..eveeevvvrvreerinivnennns 24
2.5 TlepeBoa Kay3aTUBHBIX KOHCTPYKIIM M . ....cceiiiiuirirnrerieeeeessnasiiinnneeeeeeeessnnnnnns 25
O E ) ) 110 (5] £ 1 (PP PP PPPPPPPPPPPP 29
CHHCOK HCTIOIB30BAHHBIX UCTOUHHMKOB. ... uuvvviieiiiriiieesiiiniieesssinssnessssnnsnessssssnnnees 32

[Tpunoxenue A Opurunan pparmenra kuuru «Advances in Aerospace Guidance,
Navigation and Control» (Joél Bordeneuve-Guibé, Antoine Drouin,
ClEMENt ROOS). .. cevviiiiiiiiiiii it 37
[Tpunoxenne b IlepeBon dparmenta kuurum «Advances in Aerospace Guidance,
Navigation and Control» (Jo€l Bordeneuve-Guibé, Antoine Drouin,

CIEMENt ROOS). .. cuvviiiiiiiiiiiii i 68



BBEJIEHUE

OCHOBHOH 3a/1a4€il HAYYHO-TEXHUYECKOTO MEPEeBOJAA SIBISAECTCS MNPEAECIBHO
TOYHAs Tepeaada cooOIaeMoil aBTOpoM HH(pOpMAIUU. OTO JOCTUTAETCS
JIOTUYECKUM H3JIOKEHHEM Marepuanga O3 HCIOJIb30BaHUS SMOIMOHAJIBHO-
AKCIIPECCUBHBIX CPEJCTB, CBOMCTBEHHBIX XY/IO0KECTBEHHBIM TekcTam. Hayuno-
TEXHUYECKOW JUTEpaType CBOWCTBEHHA CICMAlIbHAsl JIEKCUKAa, BO MHOIOM
OTpeIeIAIoNIasl €€ CTUIUCTUYECKHE OCOOCHHOCTH: ATO CJIOBA U CIIOBOCOYETAHUS,
ynotpelssieMble TOJIBKO B paMKax TOW WJIM MHOW cpeabl KOMMYyHHKanuu. CTUIIb
HAYYHO-TEXHUUYECKOT0 TEKCTa MHOTIa ONpeAesieTCsl Kak (PopMaibHO-TOTUUECKHUH.

PabGora ¢ Hay4HO-TEXHUUYECKOW JIUTEPATypOU MpearnojaracT 3HaKOMCTBO C
LEJBIM PSJIOM ONPEACTCHUN U MOHSATUM, TPUMEHSEMBIX B aHTJIOA3BIYHBIX CTPaHAX.
OTO M 0COOEHHOCTH HAMMCAHUSI YHCEN, MEePEeBOJI aKPOHUMOB M MATEeMaTUYECKUX
BBIPDOKCHUH, PpaCIpOCTPAHEHHBIX COKpalleHui u obOo3HaueHui. OpHAKO
COBOKYITHOCTb BCeX (DaKTOPOB 00pa3yeT Tpuay TpYJHOCTEH, paccMaTpUBaeMbIX Ha
rpaMMaTUYECKOM, JIEKCHYECKOM U CHHTAaKCHYECKOM YPOBHSIX.

Llenpto naHHOW NUIIOMHOM pabOThI SBISETCS OMpeNeiIeHUe, U3yUeHUe |
1oJipoOHOE OMKMCAHKUE TPYAHOCTEN NEPEBO/Ia HAYYHO-TEXHUUECKOM JINTEPaTYPHI.

Lenb nanHOM pabOTHl 00YCIOBIMBACT CJICIYIOIMINE 33 aUH:

- PaCKpbIThb TPYAHOCTH IMEPEBOJIa HAYYHO-TEXHUYECKOW JHUTEPATYphl C
AHTJIMHACKOTO SI3bIKAa Ha PYCCKHIM S3BIK, ONMHUCATh OCOOCHHOCTH (DYHKITMOHHPOBAHUS
SI3BIKOB, JIEXKAIIMX B OCHOBE MEPEBOAYECKOTO IpoLecca,

- POAHAIM3UPOBATh IPAMMATUYECKUE U JIEKCUYECKUE TPYAHOCTH MEPEBOAA
AHTJIMHACKOTO HAYYHO-TEXHUYECKOIO TEKCTA.

OOBEKTOM HCCIIEIOBAHUS B TAHHOM BBIMTYCKHOW KBaTU(UKAIIMOHHON paboTe
spisieTcs: kHura «Advances in Aerospace Guidance, Navigation and Control»

aBTopoB Jo€l Bordeneuve-Guibé, Antoine Drouin, Clément Roos.



[IpenmeToM wuccnenoBaHus B JaHHOW BBINYCKHON KBadU(UKAIMOHHON
paboTre SABIAIOTCS AHIVIMMUCKUN HAy4YHO-TEXHMYECKHH TEKCT U TPYIHOCTH €ro
repeBoa.

MetonoM ucciieoBaHus B BHITYCKHOM KBadU(UKAIIMOHHON paboTe sBIsETCA
CPAaBHHUTEJIbHO-CONIOCTABUTENIbHBIN aHanmu3. B  mponecce HanmucaHusi paOOThI
IIPOU3BEIEHBI A3BIKOBOE U IPU3HAKOBOE COIIOCTABIICHUS MCCIENYEMBIX S3BIKOB,
peanu3oBaHa CONOCTABUTENbHAS WHTEPHpPETALMs] OMNHUCHIBAEMBIX B OOBEKTE
VICCIIEI0BaHUs SI3bIKOBBIX SIBJICHUM, OCYILIECTBIECHO TUIIOJIOIHYECKOE UCCIIEI0BAHUE
IIPU3HAKOB, IIPUCYIIUX KaK SA3bIKY IIEPEBO/A, TaK U NIEPEBOIAIIEMY A3BIKY.

BoinyckHas kBanudukannoHHas paboTa COCTOMT M3 BBEJIECHHUS, JBYX TJIaB,
3aKJIFOYEHHUS], CIIUCKA UCIIOJIb30BAHHBIX HCTOYHUKOB U ITPUIIOKEHUM.

Bo BBeneHun aBTOp 0OOCHOBBIBAET aKTyaJbHOCTh HCCIEAYEMOM TEMbI, €e
NPAKTUYECKYIO U TEOPETHUECKYIO 3HAYMMOCTb, ONPEIEseT 00BEKT, MPEIMET, 1eJIb
M 33]1a4M BBIMTYCKHON KBATU(PUKAIMOHHON paOOTHI.

[lepBast rmaBa JaHHOW pa0OTHI MOCBSIIEHA IPAMMATHUYECKUM TPYAHOCTSIM
[EepeBO/Ia AHIJIMICKOr0 HAay4YHO-TEXHHYECKOTO0 TEKCTa, WX KIacCU(PUKALUU U
OIMCAHUU Ha NIPUMEPAX U3 NEPEBOAUMOIO TEKCTA.

Bo BTOpO# riaBe aBTOp OIMCHIBAECT JIEKCUYECKUE TPYAHOCTH IEPEBOAA
AQHIVIMMCKOIO0 HAYYHO-TEXHUYECKOI'O TEKCTA.

MeTtononoruueckasl OCHOBa UCCJIEI0BAaHUS BKIIIOYAET B C€051 UCIIOIb30BaHHUE
KOMILIEKCa TeopeTUYeCKuX (Y4eOHUKH TEXHUYECKOTO NEPEBOa) U AMIUPUUECKUX
(cmoBapwm, Te3aypychl U 0OBEKT UCCIIEIOBAHUS ) METO/I0B UCCIIEOBAHNUS.

B 3akmioueHun MmoABOASTCS WTOTH NMPOJEIaHHON paboThl U (POPMHUPYIOTCS
BBIBO/IbI.

[TpunoxeHns BKIIOYAIOT B ce0s1 OpUTHHANBHBIN (hparmeHT KHUTH «Advances
in Aerospace Guidance, Navigation and Control» aBropos Joél Bordeneuve-Guibé,
Antoine Drouin, Clément Roos (mpuioxenre A) 1 IepeBOJI TEKCTa U3 MPUIOKCHHUS
A, BBITIOJTHEHHBIN aBTOPOM BBHIMTYCKHOM KBATU(PUKAIIMOHHON PabOThI (MIPUIOKEHNE

B).



Cnucok UCHoJIb30BaHHBIX WCTOYHMKOB BKJIIOUAET B ce0s MHPOpPMALUIO O
paboTax, HCIOJB30BAHHBIX B KayeCTBE TEOPETUUYECKOr0 Marepuana IpHu

BBITIOJITHEHUHU JJAHHOW BBIMTYCKHOM KBaTU(UKAIIMOHHON PaOOTHI.



1 I'paMmmaTHYecKue TPYAHOCTH

1.1 Homunaau3anus

Paznuunss B KOMMYHUKATUBHOW CTPYKTYype S3BIKOB SIBIIAIOTCS  HE
€IMHCTBEHHOUW MPUYUHON MEPEeBOAUECKUX MpeoOpa3oBaHM, BICKYIIMX 3a COOOM
M3MEHEHHE IPaMMaTHYECKOM OCHOBBI TIpesiokeHus. X moOyaAuTeTbHBIM MOTUBOM
MOTYT CTaTh HWHBIE MEXBSI3BIKOBBIE PACXOXKIACHUS, B YaCTHOCTH TEHACHIHS K
HOMUHAJU3AIMU WM ONPEIMEUYMBAHUIO JEWCTBUM UM TPOIIECCOB, TO €CTh
BBIPKEHHUIO UX MOCPEJICTBOM OTTJIArOJIbHBIX CYIIECTBUTEIBHBIX, 4 HE T1aroJIbHBIX
dbopm.

B anrnmiickoM si3pIke cTpeMJIeHHE K HOMUHATM3AIUHU ICUCTBUS BEIPAXKEHO HE
CTOJIb OTUETIUBO, KaK B PYCCKOM, TJI€ OTTJIarOJbHbIE KOHCTPYKIIMH BCTPEUAIOTCS
namHoro yarie (bpeyc E. B. Teopus u npaktuka nepeBoja ¢ aHITMHCKOTO A3bIKa Ha
pycckuii. M.: I3narensctBo YPAO, 2003. C. 39). IIpu 3TOM 101 BIUSHUEM HAYIHO-
TEXHUYECKOTO CTWJISA TpU T[EpPEeBOJE Ha PYCCKUH S3bIK YacTh IJ1arojoB
npeobpaszyetcs B cymiectBuTenbHble ([lapmun A. Teopust u npakTHKa mnepeBoja.
Cankr-ITerepOypr: CI'Y, 1999. C. 202). Huxe, Ha mpuMepe 00beKTa HCCIIeI0BaHUS,
xaurn Jo€l Bordeneuve-Guibé, Antoine Drouin, Clément Roos “Advances in
Aerospace Guidance, Navigation and Control”, mpuBeZieH OJIWH W3 BapHAHTOB
nepeBoa NpeaJIoKEHNI C HOMUHAIN3ALKE.

Cp.:

A DA-42 Flight Training Device (D-SIM-42 FTD simulator) with extensive
capabilities to simulate malfunctions of multiple aircraft systems for design and
validation of control laws and pilot in the loop verification.

TpenupoBounblii annapat DA-42 (TpenupoBouHblii cumynstop DA-42) ¢
UPOKUM  (DYHKIIMOHAJIOM [IJIi WHCLUEHUPOBKM HEUCIPABHOCTE MHOXKECTBA
OOpPTOBBIX CHCTEM C II€JbI0 TPOCKTHUPOBAHUS W YTBEPKICHUS aJITOPUTMOB

YIIPaBJICHUA, d TAKKC TCCTUPOBAHUA ITMJIOTA HA BBIIIOJHCHHUC IICTIN HCCTCpOBa.



1.2 IlepeBoa HeJIU4HBIX (POPM IJIar0JIa

B HayyHOM TeKkcTe 4acTOTHOCTh YMHOTPEOJIeHHsS HEIWYHBIX (opM Triarosa
3HAUUTENbHA: OHU BXOAST HE TOJBKO B COCTAaB CKa3yeMOIO, HCIONBb3YIOTCA B
(GYHKIUAX TOJJIEXKAILET0, JTONOJHEHHUS, ONpPENeNeHUsT U OOCTOSTENbCTBA, HO U
00pa3yloT NpeJuKaTUBHbIE KOHCTPYKIIMH, aHAIOTOB KOTOPBIX HET B PYCCKOM SI3bIKE.
[IpaBunbHas rpaMMaTHYecKass HHTEpPIIPETALUsl HEIMYHBIX (POPM TJaroja siBisieTcs
KJIIOYOM K MOHMMAHHMIO MH()OPMAIMOHHOW COCTAaBISIONIEH, YTO OCOOEHHO Ba)XKHO
JUIsl TEeKCTOB HayuyHoro cojepxkanus (Beironckas JI. H.,, Kopneesa M. C.,
Munnenu E. . Henuunsie popmbl riarosia B HAay4YHOM TEKCTE. Y4eOHOe mocodue.
Mockga, 2013. C. 2). Hennunsie popmbl ri1arosa, a iMeHHO HH(OUHUTUB, TEPYHAUMI
u npuyactue (Participle I, Participle I1) Hapsiay ¢ conepkamnMu MX KOHCTPYKIUSIMU
MOTYT TPEJCTaBIATh TPYAHOCTU TPU IEPEBOJE, TaK KaK B AHTJIMHCKOM S3bIKE
WHQUHUTUB W TPUYACTUS HE BCErJa COBMAJAIOT C PYCCKUMHU 10 (opme u
yIoTpeOJIeHNIO, a TepYHAUAIbHbIE KOHCTPYKIIMA U BOBCE OTCYTCTBYIOT B PYCCKOM
s3bike (HemroOun JI. JI. BBenenue B Texuuky nepeBoga. Mocksa, dnunta, Hayka,
2013. C. 164-165). BaxxHo He 3a0bIBaTh M O MPEAUKATUBHBIX KOHCTPYKIHUAX, B
yrciao KoTopeix Bxomar: Complex Subject (cmoknoe momiesxkariee), Complex
Object (caoxuoe momomuenue), For-to-Infinitive Construction (uaduHHTHBHAS
KOHCTpyKIuss ¢ mpemmorom  for) u  Absolute  Participle  Construction
(caMoCTOSITENBHBIA TPHUYACTHBI 000poT). B oTiam4me OT CJIOBOCOYETaHWI B
MOJIOOHBIX KOHCTPYKLHUSAX UMEIOT MECTO CYOBEKTHO-IIPEIUKATUBHBIE OTHOILIECHUSI.
NMeHHass 4acTh B HHUX BBIpaXAeT JEHUCTBYIOLEE JHUIO WM 00JagaTess
OIIPE/IETICHHOTO COCTOSIHUA, a MpEeAUKATUBHAS YacThb BbIpa)kaeTcs MH(OUHUTUBOM,
IpUYacTUEM WIM TepyHaueM. B ornnuume OT mnpemiokeHuid CcyOBeKTHO-
IIPEIMKATUBHbIE OTHOLIEHUS B HUX HE MMEIOT YETKOr0 I'PaMMaTHYECKOTrO
BBIPAJKEHUS, TO €CTh B HUX HET JJUYHOU (POPMBI IIaroia, H03ToMy 3TH KOHCTPYKLIUH
HE MMEIOT HHM PEajbHOr0 MOJJIEXKAIEro, HU peajJbHOro ckazyeMoro. OJHako OHU

OTBEYAIOT TPEeOOBAHMIO HAYYHOTO CTUJISL - OE3JTMYHOCTH, M MpeasiaraloT oOolee
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SKOHOMUYHBIN BapuaHT opranu3anuu Tekcra (Komuccapos B. H. Teopus nepeBoja
(TuHrBUCTHYECKHE acnieKThl). MockBa, Beicias mkoina, 1990. C. 253).

Ha npumepe mnpemiokeHus B 00bEeKTe uccienoBanus, kuure Joel
Bordeneuve-Guibe, Antoine Drouin, Clement Roos “Advances in Aerospace
Guidance, Navigation and Control” MoxHO OTuYeTIMBO HAOII0JAaTh AKTHBHOE
WCIIOJIb30BaHUE aBTOpaMHM HEIWYHOM (OpMBI Tllaroia W COACPXKAIIUX €€
KOHCTPYKIIMI. B puBeieHHOM HUXe MPEAJIOKEHUN PUCYTCTBYET repyHAuaIbHas
koHcTpykims the minimum found by the run applying niching concepts. I'epynauii
MOET OBbITh TMEPEeBEJCH Ha PYCCKUU S3BIK CYIIECTBUTENIBHBIM, OTTJIAroJIbHBIM
CYIIECTBUTEIBHBIM,  CYIIECTBUTEJIBHBIM €  MOPEAJIOTOM,  HH(GUHUTHUBOM,
JieerpuyacTueM, MpUiIarateibHbIM U JUYHOW (PopMoOM Tiiarona B MPUAATOYHOM
npemioxennu (Kuramio B. H. CoBpeMeHHbIN aHTIIMUCKUN S3BIK. TeopeTndeckuit
Kypc rpamMmmaTuku. M.: M3n1atenbcTBO TuTEpaTypbl HA HHOCTPAHHOM si3bIKe, 1956.
C. 349). CobmroieHre BBINICYKa3aHHOTO YCIOBUS 00€CTICYUT IPaMOTHBIN MEepPEBO/T
repyHAMUaJIbHON KOHCTPYKIIUH.

Cp.:

However, the minimum found by the run applying niching concepts is not as
small as the one found without niching.

Opnako, 3HaYeHWE TOYKM MHUHHUMYMa, OOHApYyXEHHOE TMpPU TOHCKE
HAUXYJIIIEro cliy4yas ¢ UCMOJIb30BAaHUEM Y3KOHAIPABICHHBIX METOJOB MOUCKA, HE
CTOJIb MaJI0, KaK IPH MOUCKE 0e3 HHX.

He menee BaKHO OTMETUTH HIUPOKOE YIOTPEOIICHUE TPUIACTUS HACTOSIIIETO
BpeMeHH W TpwuacTus mporesmiero Bpemenu (Participle T u Participle II). Dra
TEHACHIIUS CBSi3aHa CO CTPEMJIGHHEM K OoJiee KOMIIAKTHOMY M YETKOMY
U3IIOKEHUIO, MO0 YETKOCTh pACcCMaTpPUBAETCS KaK OJIHA W3 TJIABHBIX YEPT
TEXHUYECKOro Auckypca. OqHaKO aHIITMHCKOE MPUYACTUE OTIIMYAETCS OT PYCCKOTO
HE TOJBKO 10 (hopMme, HO W MO XapakTepy (GYHKIUH, KOTOPbIE OHO BBITIONHSAET B
MPEJIOKEHUH, YeM U OOYCJIOBJIEHA CIOKHOCTh €ro MEepeBOjJa Ha PYCCKUM A3BIK.
AHIIMHCKOE  MpUYacTUE  MOXKET  BBINOJHATH  (PYHKUUH  ONpPEACIICHUS,

00CTOSITENNHLCTBA U YACTH CKazyeMoro, pyCcCkoe K€ Ipu4aCctTuc HE MOXKCT BbICTYIIATh

8



B (¢yHKuuu oOcrtosTenbcTBa. s  coOmo/ieHHs aJeKBAaTHOCTH IepeBoja
HEOOXOJUMO YYHUTHIBATH HE TOJbKO (OpPMYy aHIVIMMCKOrOo MNpUYacCTHs, HO U
3aBUCUMOCTh  CIOCOOOB  MEPEBOJA OT €ro CHUHTAKCUYECKOW  (yHKUUU
(Kummauc Y. FO. I'paMmmaTideckue 0COOCHHOCTH TEPEBOAAa aHTIUHUCKOTO HAay4dHO-
TexHudyeckoro Tekcra. Muuck: BUTY, 2010. C. 122). Huwxke npuBeneH mnpumep
NpeUIoKeHUsT M3 O0BEKTa HCCIIeIOBaHUs, B KoTopoMm mpuuactue Regarding
BBICTYNIa€T BBOJHBIM UJICHOM TMPEIJIOKEHUS W MOXET ObITh TNepeBECHO
JieenpuyacTUeM WM BBOJIHBIM MpejjioxkeHueM ¢ coro3om ecnu (IlIBetinep A. JI.
Teopus nepeBoja: craryc, npobiemsl, aciekTsl. Mocksa, Hayka, 1988. C. 215).

Cp.:

Regarding the functional layout and development of the control system, an
appropriate high-fidelity flight simulator for functional testing is of vital importance.

Ncxonast 13 KOMIIOHOBKH CXEM U pa3pabOTKU CUCTEM YIIPaBIICHUSI, OTPOMHYO
POJIb UTPACT MOIXOASIINN MHOTO() YHKIIMOHAIBHBIM aBUAIIMOHHBIA CUMYJISITOP ISt
TECTUPOBaHUS (YHKIIMOHATBHBIX BO3MOXKHOCTEH (Eciu ucxoauTh U3 KOMIIOHOBKH
CXeM M Pa3pabOTKU CHCTEM YIIpPaBJICHHS, OIPOMHYIO POJb UrPAaeT MOIXOSIIUN
MHOTOQYHKIMOHATBHBIM ~ aBHAIIMOHHBIA  CUMYJATOP s TECTUPOBAHMS
(GYHKIIMOHATBHBIX BO3MOKHOCTEH).

Eme oqauM BaKHBIM IpUMEpOM yHoOTpeOsieHHs B OOBEKTE HCCIEIOBAHUS
HENMMYHBIX (GOpM  Tilaroia SBISETCS IIMPOKOE TMPUMEHEHHE AaBTOPaMHU
MHQUHUTUBHBIX KOHCTPYKIMI. JTa (popma opraHuzanuu TeKCTa 0COOEHHO 4acTo
BCTpedaeTcss B paboTax TEXHUYECKOW HAIpPaBICHHOCTH, MOCKOJIbKY WH(OWHUTHB
0003HauaeT eWCTBHE, HE YKa3bIBas HA €r0 OTHOIICHHE K HAKJIOHEHHIO, BPEMEHH,
JUIly, YUCTY, W BBIpaXKaeT JOJDKCHCTBOBaHHE, HEOOXOIUMOCTh COBEPIICHUS
nenctBus, nepegaer quHamuky npouecca (CynosueB B. A. HayuHo-TexHuueckas
uHMOpMAITUS U IEPEBO/I: TOCOOUE M0 AHTIUICKOMY SI3BIKY JJISI TEXHUUYECKHUX BY30B.
M.: Beicmas mkona, 1989. C. 62). B dynkuun onpeneneHuss "HQUHUTHB OOBIYHO
MEPEBOJUTCS OMNPEACTUTEIbHBIM TMPUJATOYHBIM MPEAJIOKEHUEM C MOJAJIbHBIM
[JIArOJbHBIM CKa3yeMbIM, B (YHKIHMU JIOMOJHEHUS - UHPUHUTUBOM (pexe -

MPUIATOUYHBIM IIPEAJIOKEHUEM ), B PYHKIIMHU 0OCTOATENbCTBA - MHOUHUTUBOM, WU
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CaMOCTOATCIIBHBIM HPCAJIOKCHUEM € COIO3aMH H, HO, IOJJICKAIIICC WM CKAa3yeMocC
0o0bryHO TIepeBoaATCS HHPUHUTHBOM (AmnmoioBa M. A. Specific English
(I'pammaTuueckue TpyaHOCTH niepeBoia). M.: MexayHapoaHble oTHOIIEeHus, 1977.
C. 110). Takum obOpa3om, Mpu MepeBojie B 00BEKTE UCCIEIOBAHUS MPUBEICHHOTO
HMXXC HNPCATIOKCHHUA MOXHO Ha6JIIOI[aTB IBC I/IH(i)I/IHI/ITI/IBHBIe KOHCTPYKIHUU: The
primary objective of the FSA lateral controller design is to provide u in order to
reduce. Ilpu mepeBose Ha PYCCKHIl SI3BIK OHM COXPaHSIOT HaYalbHYI (Gopmy
rjaroJia.

Cp.:

The primary objective of the FSA lateral controller design is to provide
excellent homogenous flying/handling qualities along the entire flight envelope in
order to reduce pilot's workload significantly when flying the airplane manually.

OcHOBHast 3ajaya KOHEYHOIO AaBTOMAaTa KOHCTPYKIMHM YCTPOMCTBA
YIIPABJICHUA OOKOBBIM IIOJIETOM - OO0ECIIEUYUTH OJHOPOAHBIC XaPAKTCPUCTUKU
noJieta M YHOPABIACMOCTH HapsAay ¢ 06HII/IM AUAIIa30HOM PEKUMOB nojJera M
YHPABIKIEMOCTH C LCJIbIO 3HAYUTCIBHO COKPATUTDH pa6oqyfo Harpys3Ky IujaoTa BO

BpCMs PYUYHOI'O YIIPABJICHUS JICTATCIIBHBIM aIlllapaTOM.

1.3 IlepeBoa NacCUBHBIX KOHCTPYKIMA

[Ipeobnananne MacCUBHBIX KOHCTPYKIIMH B TEKCTaX HAYYHO- TEXHUYECKOU
HAaNPABJICHHOCTH CBA3aHO C OCHOBHBIMH XapaKTEPUCTUKAMHU U LIEJSIMA HAYYHOI'O
M3JI0KEHUS, BKIIIOYasi 0€3JIMYHOCTh, OTCYTCTBUE aBTOPCKOTO «s1» U UCIOIb30BaHUE
MACCUBHBIX KOHCTPYKIIMH, HAIICIICHHBIX HA TIPEIOCTABICHHUE U OMHCAaHNe (PAKTOB U
aBieHud. CTpaaaTeNbHbIN 3aJI0T UCIOIb3YETCS B @HTJIMMCKOM SI3bIKE 3HAYUTEIIBHO
Jae, YeM B PyCCKOM, TJie MacCHBHAs popMa B OTIIMYNE OT OC3TMIHON HOCHUT OoJiee
opuIMaNbHBIA W  CKOpee THUCHhMEHHBIH, YeM pPa3TOBOPHBIN  XapakTep
(CeetnoBa K. U. HekoTopele ciiyyaun ynoTtpeOJeHUs MAaCCUBHBIX KOHCTPYKIMU B
TEXHUYECKOM  TeKcTe.  VpKyTCKMH  HAaUMOHAJIBHBIA  HMCCIEIOBATEIbCKUN

texanyecknid yausepcuretr. URL: www.istu.edu/images/docs/Svetlova.doc). Ipwu
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MepPEeBOJIC MACCUBHBIX KOHCTPYKIUM MEPEBOTUYUK MOMKET CTOJKHYTHCS C TpHUAAOU
TPYIHOCTEN:

1) B aHmmMHCKOM s3bIKe (OpMa CTpaJaTeIbHOro 3ajora oOpasyercs He
TOJIBKO OT MEPEXOAHBIX IJIAr0JI0B, HO U OT IJ1arojioB, TPEOYIOMKUX KOCBEHHOT'O WU
MIPEIOKHOTO JTOITOIHEHUS,

2) aHrJIUHUCKOMY TMEpPEeXOJAHOMY TIJIarojdy B PYCCKOM S3BIKE MOXET
COOTBETCTBOBATh HEMEPEXOAHBIN TJIAroJl, TPEOYIOIUNA PEIJI0KHOE UIIK KOCBEHHOE
JIOTIOTHEHMUS,

3) B aHIJIMICKOM SI3bIKE B CTPAJaTEeIbHOM 3aJIOT¢ MOTYT YHMOTPEOISIThCS
(dpazeosiornueckre CIOBOCOYETAHUS. DTH COYETAHHUS HEBO3MOXHO NMEPEBECTH HA
PYCCKHM SI3BIK COOTBETCTBYIOIIUMU TJIarojiaMu, HE 3aMEHUB CTPaJIaTeIIbHBIN 3aJ10T
nevicrBurenbHbiM (3pakeBckas T. A., bemsea JI. M. TpyaHoctu mnepeBoma ¢
aHTJIMICKOTO Ha PYCCKUU s3BIK (Ha MaTepuayie Ta3eTHBIX cTaTed). M.:
Mexaynapoansie otHowenus, 1972. C. 110).

[lepeBecTn MaCCUBHBIE KOHCTPYKIIUU MOKHO aHAJOTUYHBIMU
KOHCTPYKIMSIMU  TIEPEBOJAIIECIO  fA3bIKA, TiarojamMu ¢ cyhdukcom —cs,
HEOTPEICIICHHO-TUYHBIM 000POTOM B IEHCTBUTEILHOM HJIM BUHUTEIHLHOM MaJIeXKe,
a TakKe JCHCTBUTENbHBIM 3alIOTOM C YKa3aHUEM Ha JEUCTBYIOLIEE JINIIO
(Knumenko A. B. Pemeciio nepeBoma. M.: Bocrok-3aman, ACT, 2007. C. 431).
Takum oOpazoM, mpH T1epeBoAe B OOBEKTE MCCIEIOBAHUS CIEAYIOIIETO
OpeUIOKEHUST HMHTEpPIpeTalns MacCHMBHOM KoHCTpykmmu ‘IS adduced” Ha
MIEPEBOSAIIMHN SI3bIK B BUAE AaHAIOTUYHOW MACCUBHOM KOHCTPYKIUU «PEATTUZYETCSI»
OyZneT TpaMMaTUYeCKH U CTHWJIHCTHYECKHM COOTBETCTBOBATH TPEOOBAHHIM
aJIeKBaTHOCTH NIEPEBOAA.

Cp.:

In the past until today, robustness verification for flight control systems within
the governmental permission and certification process is adduced via single-
inputsingle-output (SISO) phase and gain margins.

BmuioTek 10 ceroiHsIIIHETO IHSI, KOHTPOJIb YCTOMYMBOCTH CUCTEM YIIPABICHUS

JIETaTeIbHBIMA ~ aIlllapaTaMd B paMKax TOCYJAapCTBEHHOM AaKKpeAUTAllUU W
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cepTU(PUKAIMU peaTu3yeTcsl MOCPEICTBOM METOJIa IMOCIEN0BAaTEIbHOIO BBOJA U

BbIBOJIA (SISO), a Takke myTem aHaau3a NpesiesioB yCTOMUUBOCTH.
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2 Jlekcu4yecKre TPYAHOCTH

2.1 IlepeBoa MHOIO3HAYHON TEPMHHOJIOIUH

[IpoGnema mepeBojla TEPMUHOB paccMaTpuBaliaCh MPAKTUYECKU BCEMU
M3BECTHBIMU HCCIIEIOBATEISIMU TEOPUM MEPEBOAA, OJIHAKO KOHCEHCYCa MO 3TOMY
BOIIPOCY JOCTHYh TaK M HE yAanoch. [IpoaHanu3upoBaB pabOThI caMbIX BHUJIHBIX
npeACTaBUTENEH OTEUECTBEHHOTO TNEPEBOJOBECHUS, MOXHO OOHApYXUTh JBa
JIMAaMETPaIbHO MPOTUBOMOJOXKHBIX B3IJISi[Ia HA MEPEBOJ TEPMUHOIOTUH, YCIOBHO
0003HaYaeMbIX KaK «CJIOBapHBIN» U «KOHTEKCTyanbHBIN» (CTanucnaBckuii A.P.
ITepeBo MHOTO3HAUYHBIX TEPMUHOB B TEXHUYECKUX TeKCTax. M.: Mex1lyHapOJHbI!
Hay4YHO-WHHOBAUMOHHBIN 1IeHTp. Puitonorus u nurepatryposeaenue, 2014. Ne 1. C.
5).

CornacHo nepBOMy B3TJISIAY, B TEXHUYECKOM TEKCTE KaXblil TEPMUH UMEECT
CTPOTO ONpe/IeICHHOE 3HAaUeHUE, KOTOpOe 3apUKCUPOBAHO B cioBapax. B mouckax
NPaBWJIBHOTO BapHaHTa TMEpPeBOJa IMEPEeBOAUYMKY HEOOXOAUMO BHOBb U BHOBD
oOpamiarbcsi K €IMHUIIAM MCXOJHOIO SI3bIKa B OpUTHHAJIE, UCKATh WX 3HAYCHUS B
TOJIKOBOM U CHEIHAJIbHOM CJIOBAPAX, MOMYTHO BHIOUPAs MOAXOSIIEe 3HAUCHHUE B
IBYSI3bIYHOM ciioBape. Hamborbimast crerneHb SKBUBAJICHTHOCTH OTMEYAETCA B TEX
CIIy4asiX, KOTJla CJIOBO UMEET OJUHAKOBYIO CTUIMCTUYECKYIO XapaKTEPUCTUKY KaK B
UCXOJHOM, Tak U B mepeBojsdiieM si3bike (IIponunna P. @. IlepeBon aHrimuiickon
HAyYHO-TEXHUUYECKOU JHUTEepaTyphl: YueOHoe mocoOue miis By30B. M.: Bricmas
mikoia, 1986. C. 9).

Heobxonumo paznuyate y3yajabHbie (TTOBTOPSIOIMIMECS) U OKKa3WOHAIbHBIC
(uHAMBUYyalbHBIE)  KOHTEKCTyaJbHble  3HaueHWss  TepmuHOB.  Ilepexon
OKKa3MOHAJIbHBIX 3HAUYCHUH CJIOBA B Y3YAJIbHBIE Yallle BCETO SBIIAETCA MPUUYMHOU
Pa3BUTHUS MHOT'O3HAYHOCTH, OJTHAKO HE BCE CIIOBAPU ITPUBOJIST B IPUMED y3yaJbHbIE
KoHTeKkcTyanbHble  3HaueHusi (Kacapec X. BBemeHne B~ COBpEMEHHYIO
nekcukorpaduo. M.: M3natenscTBO MHOCTpaHHOM autepatypsl, 1958. C. 71). B

Cly4dadax, Korga AOCTYIIHBIC CJIOBAPH HE COACPIKAT IMOAXOIAAMICTIO IIO KOHTCKCTY
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MepeBojia, [l PACKPBITUS CMBICJIOBOM  CTPYKTYpbl CJIOBa TEPEBOAYMUKY
HEOOXOIUMO IIMPOKOE TMOHMMaHuWe CcHHOHMMHUU. Ha mnpumepe o00bekTa
HCCIIEIOBAHUSI MOXKHO HaOJI0/aTh PsAJl TEPMUHOB, MEPEBOJ KOTOPHIX TpelyeT
YETKOr0 TOHMMAHHUS TIEPEBOAYMKOM HE TOJBKO aBHAIMOHHO-KOCMHUYECKOU
TEMAaTHUKHU, HO ¥ TOYHBIX HAYK, UCTIOJIb3YEMBIX JIJIsl OMMMCAHUS TEX WJIM UHBIX CBOMCTB
ATOM 00JaCTH 3HAHUS.

Cp.:

The layout of the specific controller gains (feedback, feedforward plus
crossfeeds) for a representative set of flight conditions along the envelope is
performed by applying Model Reference Direct Eigenstructure Assignment (MR
DEA).

CxeMa crenuanbHBIX yCWIMTENEH perynstopa (oOpaTHas, mpsmasi U Imepe-
KpECTHAsI CBS3M) ISl MIPEJACTABUTEIBHOIO MHOXECTBA YCIOBUM MOJIETA 1O 3ajaH-
HOMY JMara3oHy co3naércs Ha 0aze DramonHort Monenu Ipsmoro 3aganus Co0-
cTBeHHOU CTPYKTYpHI.

AHanu3 00beKTa UCCIIeIOBaHUsI ITepe/l BHIOJIHEHUEM TIEpeBOIa IMoKa3all, 4YTo
tepmuH Model Reference Direct Eigenstructure Assignment (MR DEA) odenn
4acTO  MpUMEHsieTcs B paboTax,  TOCBSIIEHHBIX  a3pOKOCMHYECKOMY
MOJICIMPOBAHMIO, M €r0 3HAYCHHE B TEPEBOIAIIEM S3BIKE JTOCTYITHO B paboTax
otedyecTBeHHBbIX aBTOpOB (Kpuueckuii C. B. AspokocMuueckoe MOJEIUPOBAHUE:
MexaucuuiuinHapueld ananus. M.: URSS, 2012. C. 275). OagHako, T€pMUHBI
feedback, feedforward u crossfeed nucmonb3yroTcss BO MHOTHX HAYYHBIX 00JACTSIX,
9TO TpeOyeT OT MepeBOAUYNKA TOHUMAHUS KOHTEKCTa, B KOTOPOM OHHU yIIOTPEOIICHBI
aBTopamMu 00bekTa wucciaegoBaHusa (BannukoB FO.B. Tumbl HayuHbIX U
TEXHUYCCKUX TEKCTOB W WX JIMHTBUCTHYECKHE OcOoOeHHOCTH. M.: Bcecoro3nsrit
1eHTp nepeBoioB, 1985. C. 52). [Ipu nepeBoje NpeaioKeHUs CTAHOBUTCS IMTOHATHO,
YTO pedb MJIET O CXEME€ CIEIHUATbHBIX YCUJIUTENEH peryisitopa ynpaBieHUs, a
3HAQUUT MOJPAa3yMEBAET AJIEKTPOTEXHUYECKHE OCOOEHHOCTH  KOHCTPYKIIMHU
yopasisioniero ycrporcrsa. CrieaoBaTeabHO, [JIs JAOCTHXKEHHUS aJeKBAaTHOTO

nepeBojia He0OX0AMMO BOCIIOIB30BATLCA CIIOBAPEM IO JIEKTPOTEXHUKE. B croBape
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JIyrunckoro . H. uckomsie 3nauenust repmunoB feedback, feedforward u crossfeed
B TMEPEBOJAIIEM SI3BbIKE OIpeJeieHbl Kak oOpaTHas CBs3b, MHpsiMasl CBS3b U
nepekpecTHas cBa3b coorBeTcTBeHHO (JIyrunckuit . H., ®e3u-Xununckas M. C.,
Kabupos 10. C. AHITIO-PYCCKHI CI1OBAPh o AJIEKTPOTEXHUKE 51
anekTpod’Hepretuke. M., 1999 r.).

OnHako CTOPOHHHMKHU BTOPOTO, «KOHTEKCTYaJbHOI'O» B3IJIsSIa HAa IMEPEBOJ
TEPMUHOB YTBEPXKJIAIOT, YTO BEPOSITHOCTh OJHO3HAYHBIX COOTBETCTBUN MEXIY
TEPMUHAMH HCXOJHOTO U TIEPEBOJAIIETO S3BIKOB Maja, W TpU TEpeBOe
HEOOXOAMMO YYHUTHIBATH W JKCTpaTUHTBUCTHUECKUU KOHTEKCT (Pemsun U. U.,
Pozenngeiir B. FO. OcHoBBI 00111€T0 M MammmHHOTO niepeBoaa. M.: Bricias mikona,
1964. C. 68). XoTs mid TepeBOAUYMKA pPa3IUdue MEXAY OKBUBAJICHTOM H
BapUAHTHBIM COOTBETCTBHEM HECYIIECTBEHHO, TaK Kak B OOOHX CjydasX OH
CTAJIKUBAETCA C TPOOJIEeMON COOTBETCTBUSI OJIHOIO CJIOBA B HCXOJIHOM SI3bIKE
HECKOJIbKMM CJIOBaM B TEPEBOSIIEM S3bIKE, B CJIOBAape 3TO PA3IUUUE BCE Ke
BO3HUKAET: COOTBETCTBUSA MPHUBOASATCS MOJA Pa3HbIMU HUPpaMH, TEMOHCTPUPYA
pa3Hble 3HAYEHHUSI MHOTO3HAYHOTO cJioBa. lIoJIHBIE K€ DKBHBAJEHTHI, TaKUE Kak
reorpaguyeckue Ha3BaHHs, BCTpeyaloTcs A0BOIBHO peako (JIpBoBckas 3. /I.
CoBpemennsie pobiaembl nepeBoaa. M.: URSS, 2018. C. 114).

Bonee Toro, yacTuyHble SKBUBAJICHTHI HUKAK HE MOTLYT IPETEHAOBATh Ha
MOJIHOE€ COOTBETCTBHE BHE 3aBUCHUMOCTH OT KOHTEKCTa, BEIb TOJIBKO KOHTEKCT
MO3BOJISICT OMNpPEEIUTh 3HA4YeHHE MHOTro3HadyHoro cijoBa (Pedopmarckuii A. A.
Beenenue B sa3pikoBenenune. M.: Acnekt [Ipecc, 1996. C. 60). B nononHenue k
BBIIIENIEPEYUCIICHHBIM apryMeHTaM CTOUT TaKXe OTHECTH BEChbMa IIEHHOE
3ameuanne B. KonmaHCKOro o HepaspplBHOW CBSI3M TAaKWX NOHATHM, Kak
SKBUBAJICHT W WHBapuaHT. VHBapHaHTHOCTb OTAENBHBIX €JAWMHULl OpUTHHAja
o0OecreuynBaeT HSKBUBAJCHTHOCTh TMEPEBEJACHHOIO TEKCTA  OPHUTHHAIBLHOMY
(Kommranckwii B. T'. Jloruka u cTpykTypa si3pika. Mocksa, 2012. C. 170).

TexHuueckuii k€ TEKCT TpeOyeT OT MEepPeBOAYMKA OCOOOT0 BHUMAHUSA K
KOHTEKCTY, TaK KaK Jla)k€ caMble MPOCThl€ U IIUPOKOYHNOTPEOUTENbHBIE B PEUU

TCPMHUHBLI MOT'YT UMCTb LICJI0€ MHOKCCTBO HC CBA3AHHLBIX APYT C APYTOM 3HAUCHUM.
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Tak, cioBo tube, Oyayun ynorpeOJieHHBIM B pa3roBOpPE PaJHOTEXHUKOB, BEChMa
BEpOSITHO OyAET O3HAauaTh HE TPyOy, a paguoiamiy, €CIi OHO MPOU3HOCUTCS BO
BpeMsi pemoHTa panuoobopynoBanus (CeipoBatkun C. H. Teopus mepeBoga B
acriekte  (PyHKIMOHaNbHOW  JUHTBoceMUOTHMKH. Kanuuuu:  KanuHuHCKMMA
rocyiapcTBeHHbli  yHuBepcurter, 1978. C.  84). Ilocine  ananmsa
BBIIIENIEPEYUCIICHHBIX apryMEHTOB MPUMEPOM HEOOXOJIUMOCTH TMPHUHITUS BO
BHUMAaHUE SKCTPAITMHTBUCTUUECKOTO KOHTEKCTa B 0OBEKTE UCCIIEAOBAHUS MOXKHO
CUMTATh MPUBEICHHOE HIKE MPEITIOKCHUE.

Cp.:

The requested decoupling of the roll and yaw dynamic, which is an important
requirement to generate optimal flying characteristics of aircrafts with a CSAS, is
also realized by the gain-scheduled controller.

Tpebyemoe ycTpaHeHHe MEPEKPECTHBIX CBI3EH TMHAMHYECKUX IMOKa3aTelen
KpEHa W PBICKAHUS, CTOJIb HEOOXOAUMOE JJIsi 00eCTieYeHNs ONTUMAIIBHBIX JIETHBIX
XapaKTEPUCTUK JIETATEIBLHOIO aIllapara, OCHAIIEHHOTO CHCTEMOM YIy4IlECHHUS
YCTOMYHMBOCTU M YIPABISEMOCTH, TAKXKE PEATU3YeTCs C IOMOIIBK) CHUCTEMBI
YIPaBJIEHUS C IPOTPAMMHBIM YCUJICHUEM.

B nanHOM mpuMepe paccMoTpeHHo moaiexar Tepmunbl roll and yaw. Tak
KaK OOBEKT HMCCJIeAOBaHUS JaHHON paOOTHl 3HAKOMHUT YHTATENSI CO CIEeIH(PUKOM
CUCTEM yIpaBJIECHUS JIETATEIbHBIMU amlapaTaMH, TO MEPBBIE MPEIJI0KECHHBIC
aBuallMOHHbIM cioBapeM E. H. JleBHMHOW 3HadeHUWs, a MMEHHO: BpaIllCHUE U
HOpMaJibHasi OCh BIIOJIHE MOTYT IPETEHA0BATh HA POJIb NOAXOASIIUX 3KBUBAaJIECHTOB
BbILIENIEpeYnCiIeHHbIX TepMuHOB (/leBnuna E. H. Bonbpmoit anrno-pycckuii u
PYCCKO-aHTJIMICKUI aBUAUMOHHBIA cioBapb. M.: XKusoil s3bik, 2011). Ognako
Ba)KHO OTMETHTh, UTO B IAaHHOM TIpe ytokeHnn TepMuHbI roll and axis ynorpedneHsr
BMecTe co cioBoM dynamic, 4yro TpeOyeTr OT mepeBOAUYMKa Oojiee TIyOOKOTo
aHanm3a ux 3HaueHus. B cmoBape E. H. JleBHuHO# 0OHapykuBaem, 4TO TEPMUHBI
roll and yaw nipu coBMecTHOM ymOTpeOICHUH MEPEBOSATCS KaK KPSH U PhICKAHHE
(roll and yaw coordination — koopauHaIusi KpeHa W pbicKaHus). JlJIss TOJHOM

YBEPCHHOCT B COOTBCTCTBHHA 3HAYCHUH NpCAIOKCHHBIX JKBHBAJICHTOB B
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MEPEBOSIIEM S3bIKE 3HAUYCHUSM B HCXOJHOM S3BIKE 00OpaTuMcsi K ydeOHOMY
nocoOWI0 1O  JUHAMHUKE TIOJIETOB  JIETATENBHBIX  alllapaToB  aBTOPOB
borocnosckoro C. B. u JlopodeeBa A.JI. B manHoMm mnocobum oOHapyXKHBaeMm
HUCKOMOE OTpeJieliecHne -  JWHAMHUYECKHE IIOKa3aTeld KpeHa U PHICKaHUsS
(borocnosckuii C. B., [lopodeer A. JI. lunaMuka noJjiera JieTaTeJIbHbIX alnapaTos.
CIIo.: TYAIL 2002. C. 13). CnenoBatenbHo, nepeBoa Beipakenus roll and yaw
dynamic kak JMHAMHYECKUE IIOKA3aTed KpEHAa W PBICKAHUS COOTBETCTBYET

KOHTCKCTY AUHAMUKHU TTIOJICTOB JICTATCIIbHBIX aAlllIapaTOB.

2.2 IlepeBoa cokpamieHuii u ab0OpeBUaATYp

B Hay4HOl 1uTepaType 0co00e MECTO 3aHMMAIOT TEKCThI, HalleJICHHbIC HE Ha
HOCHTEJICH OIPEJCICHHOTO s3bIKa, a HA MPEJCTABUTEICH OTICIBHBIX O0O0JIacTeH
3HaHus. OJHAKO B JIMHTBUCTHYECKOW HAyKE CYIICCTBYET OOJIBIIOEC KOJUYCCTBO
CHEIUAIKNCTOB, MPO(PECCHOHANBHO M3YYAIOIINX TPYJHOCTH MEPEBOJA aHTIUHCKHUX
ab0peBuaryp. CyTtb ab0OpeBHAllMM M COKpAIICHHH 3aKIII04aeTcs B MaKCUMAaJIbHO
NOJIHOM Tepenaye MH(POpPMAIMU C MCIOIB30BAHHMEM MUHUMAJIBHOTO KOJMYECTBA
rpaduyeckoi ¢popmsl (3ydosa JI. FO. AHTIMIICKHEe MEAUITMHCKHE a00peBUATYPHI
KaK 4acTb NnpodecCHOHANIBHON SA3BIKOBOM KapTHUHBI MHpa: Ha (POHE MX PYCCKUX H
dpaniry3ckux ananoros. Boponex, 2009. C. 40). Kak u B 110001 JTUHTBUCTUYECKOM
JUTEpaType, B HAYYHO-TEXHUUECKOM TEKCTE COKpAICHUS ICNATCA Ha OJTHO-, IBYX-
u TpexkomnoneHTHole (Packun B. B. K treopun s3p1k0BbIX oacuctem. M., 1971. C.
350). IIpumepoM OTHOKOMIIOHEHTHOTO COKpanieHus siBisiercss PH — Phase (da3sa,
cTaams), mnpuMepoMm TpexkommoneHtHoro: APU — Auxiliary Power Unit
(BcmoMoraTeNbHasi CHJIOBas YCTaHOBKA). BakHO OTMETHTh, YTO COKpAIECHUS B
AHTJIMHACKOM SI3BIKE MOTYT MHUCATHCS MPONMUCHBIMHU M CTPOYHBIMU OYKBaMH, a TaAKXKe
ciutHO wim paszaensHo (I"ankuna E. H. IlepeBon abOpeBuaTyp v akpOHMMOB Ha
pycckuit si3p1k. M., 2005. C. 17). IlepeBog ab0peBuaTyp u COKpaleHnuii Ha pyCCKUi
S3BIK OYEHb YaCTO TMPEACTABISIET CIOXHOCTh JUIsi TiepeBogdnka. OCHOBHBIM

HCTOYHHKOM IIOMCKA COOTBETCTBYIOIMX S3KBUBAJICHTOB ABJIAKOTCA CIIOBAPHU, OJHAKO

17



HU OJIMH CJIOBapb HE MOYKET OXBATUTh MOJHBIA CIUCOK abOpeBUaTyp, YTO TpeOyeT
OT MEPEeBOJYMKA 3HAHUSI OCHOBHBIX PUEMOB MEPEBOAA ITUX JIEKCUUYECKUX €THHHUII
(I'onuapos b. A. K Boripocy 0 TUIIOJIOTMU U IEPEBOIE COKPAIICHUM B AaHTJIOSA3BIYHOMN
Hay4yHO-TexHHuYeckor surepatype. Kues, 1991. C. 145). Jna nepenauu
COKpAILIEHU HA MEPEBOAIINMN SA3BIK CYIIECTBYET HECKOJIBKO CIIOCOOOB.

1. TpancnuTepanus.

[Mpumepom sBnsiercss  ab6peBuatypa NATO (North Atlantic Treaty
Organization), ynorpeOssemass B pycckom si3bike kak HATO (Opranuszammus
CeBepoaTIaHTUYECKOT'0 JIOTOBOPA).

2. TpanckpuOupoBaHue.

IMpumepom sBisiercst HR (human resources), urHorma ymoTpeOiisemMas B
PYCCKOM SI3bIKE KaK CAMOCTOSATENIbHBII SKBUBAJICHT <«QUY apy.

3. 3ByKOOYKBEHHOE TPAaHCKPUOUPOBAHHE.

[Mpumepom siBisiercss  ab6OpeBmarypa RCS (Radar Cross  Section),
ynotpebisemas B pycckoM sizbike kak DIIP (3 dexrruBHas miomanb paccemBaHus
BO3AYIIHOM 1IEJN).

4. TlepeBoja moJHOM (HOPMBI.

deHoMeH, Moapa3yMeBacMbIil o1 a0OpeBUaTYpOi, 1aJleKo HE BCETa UMEET
B TEPEBOMSIIEM S3bIKE CBOM COKpamieHus. [IpuumHON HSTOMY MOXKET CTaTh
HEIEJIeCO00Pa3HOCTh COKpAIEHUsI BBUIY €ro TPOMO3JKOCTH M TPYIHOU MJis
3anoMuHanus Gopmbl. Spkum mpumepom sipnsiercs abOpeBuatypa LANDCENT
(Allied Land Forces, Central Europe), mepeBogumas Ha pPYCCKHI S3BIK Kak
OO0benunennpie cyxomyTHble Boilicka HATO Ha 1eHTpanbHO-eBpOMNEHCKOM
TEPPUTOPHHU.

5. IlepeBon U TpaHCKpUOUPOBAHUE.

OueHb 4acTo OTAEIbHbIE U300PETEHUS, TPEAMETHI MJIM HHCTPYMEHTHI UMEIOT
Cpelly CIEUAINCTOB TEXHUYECKUX CIIELIMAIIBHOCTEN CO BCErO MUpPa CBOM HAa3BaHUSI.
OOmenpuHATEIM 0003HAYECHUEM TOTO WM WHOTO MpeaMera cumtaercs (upma-

u3roroButenb unu  (amunus  uzoOperarens. [lpumepom nepeBoga U
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TPaHCKPUOMPOBAHUS MOXKHO CUMTaTh clieayomyo adcopesuatypy: WD (Water
Displacement) — BogooTrankusaroee cpeactso WD.

6. IlepeBon momHOM (OPMBI M CO3MaHME HAa €r0 OCHOBE COKpAILCHUS B
MIEPEBOISAIICM SI3BIKE.

Aoopesuatypa CIA (Central Intelligence Agency) nepeBoauTcs Ha pyCCKui
s3Ik Kak [[PY (IlenTpansHoe Pa3BenbiBaTenibHOE YTIpaBieHHE).

7. OnucaTeabHbIN METOI.

DTOT MeTom TpeOyeT OT TNEPEeBOTYMKA IIOTHOW IMepefavyd TEXHUYCCKOH
CYIIHOCTH cokpainenus. [Ipumepom seisercs ad6pesuarypa WIDE (Wide-angle
Infinity Display Equipment), nepeBoarmast Ha pyCCKHI SI3bIK KaK IUPOKOYTOJIBHOE
o0opy10BaHME JJIsI OTOOPaKEHUSI OECKOHEUHO yIaJICHHBIX 0OBEKTOB.

[IpyHuMas BO BHHMAaHHE BCE BBINICTICPCUMCIICHHBIC METOJBI M ITPaBHIIA
nepeBoja abopeBuaTyp, MpoaHATU3UPYEM MPETIOKEHUE 00BEKTa UCCIICIOBAHUS.

Cp.:

The requested decoupling of the roll and yaw dynamic, which is an important
requirement to generate optimal flying characteristics of aircrafts with a CSAS, is
also realized by the gain-scheduled controller.

TpebGyemoe ycTpaHeHue nepeKpECTHBIX CBI3eH NMHAMHUYECKHX MOKa3aTenen
KpEHa M PBICKaHUS, CTOJIb HEOOXOAUMOE ISl 00eCrieYeH s ONTUMAIBHBIX JIETHBIX
XapaKTepUCTUK JIETATENIbHOTO ammapara, OCHAIIEHHOTO CHUCTEMOM YIIy4IICHHS
YCTOWYMBOCTH U YIMPABISIEMOCTH, TaKK€ PEATU3YeTCs C IMOMOIIBI0 CUCTEMBI
VIPABICHUS C IPOTPAMMHBIM YCUIICHUEM.

A66peuatypy CSAS (control and stability augmentation system) npuHATO
MEPeBOIUTh HA PYCCKHM S3BIK KaK CHCTEMY YJIYYIIEHUS YCTOWYHUBOCTH W
VIPABISIEMOCTH, OJTHAKO OQUIIHATIEHON aO0peBUATYpPhI 3TOTO MOHSATHSA B PYCCKOM
A3bIK€ Ha CcerogHsAmHui aeHbp He npencraBieHo (CeumeB [ II. Apuanus:
Onnuknoneaus. M.: bomnbmas Poccuiickas Dummkinonegus - IJAI'M um. H. E.
XKykosckoro, 1994. C. 550). CnenoBaTeiabHO, MEPEBOJYUKY HEOOXOIUMO

MCIIOJIb30BaTh MOJIHYI0 (OpMY U HE prberath kK aO0peBUALIUU.
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Cnenyromee mnpemsiokeHHE B OOBEKTE€  HCCIEAOBAHMS  COIAEPIKHUT
aoopesuatypy MOPS, TpebOyroniyto npuMeHEHHs MeToJla TepeBoja U
TPAaHCKPUOUPOBAHUS.

Cp.:

Such an optimization run with approximately 40000 evaluations takes about
4 hours of computation time on a desktop PC equipped with two Intel® Xeon®
Processors X5550 (2.66GHz) when the parallelization features of MOPS were used
utilizing 4 workers.

3anyck ontuMuszanuu, Bkirodaronmi 40000 BeIYMCIEHUH, 3aHUMAET OKOJIO
YeThIpEX YacOB  PacyETHOTO BpPEMEHHM Ha  HACTOJIBHOM  KOMIIBIOTEpE,
obopymoBaHHOM AByMs mporeccopamu Intel® Xeon® X5550 (2.66GHz), B TO
BpeMs KakK mapajiieiabHbli npuHiun oopadotku nqanueix MOPS ucnonb3oBaics ¢
3a/1eiCTBOBaHUEM 4 YEIIOBEK.

B rnaBe, conepikaiieit TaHHOE MPeIoKEeHHE, aBTOPbI 00bEKTa UCCIIEI0BAHUS
PAcCKa3bIBAIOT O KOMMBIOTEPHBIX BBIYUCICHUSX, MPEAHA3HAYEHHBIX ISl OLIEHKU
aNropuTMa 3aIycka pakeTbl-HocuTessd. C MOMOIIBI0 aHTIIO-PYCCKOTO CIOBapsi MO
IpOrpaMMHUpPOBaHUIO OOHapyXkuBaeMm, uto abOpesuatypa MOPS (Million
Operations Per Second) nepeBoauTCs Kak MHUIMOH ONEpaludid B CEKYHIY
(bopkoBckuii  A.b. AHIIO-pyCcCKHMM ClOBapp 1O MPOTPAaMMHUPOBAHUIO U
uHdopmatuke. M.: MOCKOBCKass MEXIyHapoJHas IIKOJia TEPeBOAUYUKOB, 1992).
OpHako B HAy4YHBIX MOCOOUSX OTEUYECTBEHHBIX aBTOPOB OTYETIMBO BHUJIHO, UYTO
ab66peBuatrypy MOPS B kpyrax crnenuaaucToB He MPUHATO MEPEBOAUTH HA PYCCKHI
SA3bIK M OHA SIBISIETCA OOUICHPHHATHIM OIpPEACIICHHEeM MpHUHIMNA 00paboTKu
JAHHBIX, BKIFOYAIONIEr0 B ceOs MIIIIMOH omeparuii B cekyHny (3axaposa O. JI.,
Kupcanosa 1O. A., Kuura E. B., XKapunos 1. O. Anroputmsl U mporpaMMHbIE
CpeICTBa TECTUPOBAHUS OOPTOBBIX MHUGPOBBIX BBIYHCIUTEIBHBIX CHCTEM
WHTErpupoBaHHOW MomynbHOU aBuoHUKU. CI16: MH)OopManmonHo-ynpaBistomue
cuctemsl, 2014, Ne3. C. 19-29). CnenoBarensHo, 3HaueHne abo6peBuarypst MOPS B

MEPEBOMISAIIEM sI3bIKE KaKk mpuHIHMAa 00paboTku manHbix MOPS moxxHO cunTtath
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O6H_I€HpI/IHHTBIM B CpCAC PYCCKOA3BIYHBIX CIICHHAJIMCTOB TCPMHUHOM, a 3HAYUT U

moaAXOo A IIM IJIs1 UCIIOJIb30BaHUs ITPU IIEPCBOJIC.

2.3 IlepeBog MHOTOKOMIIOHEHTHBIX TEPMUHOB

[lepeBounKy HEOOXOIUMO XOPOIIO OPUEHTUPOBATHCS BO BCEX TOHKOCTSX
TOM WJIM UHOM 00J1aCTH 3HAHUs, C KOTOPOU OH CTaJIKUBAeTCs Mpu nepesoje. [lomumo
Y3KOCIIEIIMAIbHOW TEPMUHOJOTUM, TPEJACTABICHHOW B BHUJIE€ OTACJIBHBIX CJIOB
(power, valve, engine), TpyIHOCTH W HMHTEPEC y CICIMATUCTOB BBI3BIBAIOT TaK
Ha3bIBacMbIC TepMHUHOJOrMueckue coueranus (address character, power plant,
clutch pin) (Kusx T.P. JIMHrBUCTHYECKHE acCIeKThl TepMUHOBeaeHHUsA. Kwues:
YMKBO, 1989. C. 8).

Ceronns BCE OoJbiee YUCJIIO0 TEPMHUHOB MPOHUKAET B
001IeyTOTPEOUTENIBHY IO JIEKCHKY, OKa3bIBasi CUJIBHOE BIUSHHUE Ha SI3BIK B IIEJIOM,
MO03TOMY H3yu€HHEe TMpoOJeM MepeBojia CHEeHaTIbHON JIEKCUKH CTAaHOBUTCS BCE
0oJyiee akKTyallbHBIM JUIsl Pa3BUTHS s3bIKa, 0COOEHHO B 3moxy |T-texHomorui
(I'pune-I'puneBuu C. B. Tepmunoenaenue. M.: Akagemus, 2008. C. 304).

MHOTOKOMITOHEHTHBIE ~TEPMHUHBI TMPEACTABIAIOT CO0O0M  HaMOOJNBIIYIO
TPYJAHOCTH MPHU TMEepeBojie MpodhecCuOHATbHO-OPUEHTHPOBAHHON JTUTEPATyPhl, TaK
KaK JaJeKo HE BO BCEX CIIOBAPAX IMPEACTABICHBI HCKOMbBIE 3HAUYEHUS ATUX
nexkcuueckux enuHui.  OcoOEHHO Ba)XXHO YYHUTHIBaTh, YTO HE CYIIECTBYET
OJIHO3HAYHBIX CIOCOOOB OMPENEIECHUsS] TpaHUll, JIMHIBUCTUYECKOI'O0 CTaryca H
CTENEHU HX YCTOWYMBOCTH KakK B HCXOAHOM, TaK W B MEPEBOASLIEM S3BIKAX
(Mapyceako M. A. O QopMupoBaHMUM CIOBHHUKA CIIOBapsl CTAaTUCTHYECKHU-
YCTOMYMBBIX HAay4YHO-TEXHMYECKMX TepMHuHOB. JI.: M3marensctBo JII'Y,
CrtpykTypHas U NPUKIAIHAS JUHTBUCTUKA, BhITycK 2, 1983. C. 82).

MHorHe CeraIncThl, U3yJaromye mpooiemMy TepMUHOBEICHUS, OTMEYAIOT
TPYJTHOCTH, CBSI3AHHBIE C BBIJCICHUEM B TEKCT€ MHOTOKOMIIOHEHTHBIX TEPMHUHOB U

ux nepeBoaa (CepreBuuna B. M. O meroaunke BblieJIeHUs] TEPMUHOB. ['OpbKuii:
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ITY, 1982. C. 46-53). CymecTByeT psia THUIOBBIX (OPM, CBOWCTBEHHBIX
TEPMUHOJIOTUYECKUM CIIOBOCOYCTAHHSIM.

1. TepmMuHONIOTHYECKHE  CIOBOCOYETAHHS,  COCTOAIIME W3  HMMEH
CYIIECTBUTEIBHBIX.

[lpumepamu Takux CJIOBOCOYETAHWH sBIsOTCS computer performance
(MIPOM3BOAMTENIFHOCTh KOMITBIOTEpA) M COmputer science (uadpopmaruka). byayun
MOJIBWKHBIMU SI3bIKOBBIMU SIBJICHUSIMH, 3TH CIIOBOCOUETAHUS TPAHCPOPMHUPYIOTCS B
peur B 3aBUCHMOCTH OT YCJIIOBUN KOMMYHUKAIIHH.

2. TepMUHOJIOTHYECKHE CIIOBOCOYETAHHS, BKIIOUYAIONINE MpUIaraTeIbHbie U
CYIIECTBUTEIbHBIC.

[Mpumepowm siBnsieTcs cnoBocouetanue artificial intelligence (uckycctBeHHsbIi
WUHTEJUICKT).

3. TepMUHOIOTUYECKUE CIIOBOCOYETAHUS, BKJIIOYAIOIIAE TpU M Ooiee
KOMIIOHEHTa — Hapeuue, MPUIACTUE U CYIIECTBUTEIHHOE.

[Tpumepom sBisieTcst cimoBocouetanue quickly-spreading virus (6sicTpo
pacIpoCTPaHSIOIIUNACS BUPYC).

4. TepMUHOJIOTHUECKHUE CIIOBOCOUYETAHUS, BKIIIOUAIOIINE HHPUHUTHUB.

[Tpumepom sBisieTcst cioBocoderanue ready-to-assemble parts (roroswie
JEeTaJIN).

5. [IpensioxxHbIe TEPMUHOIOTHUECKUE CIIOBOCOYETAHUS.

IIpumepom siBrsieTcst cioBocodeTanue inclination of an orbit (HakimoHeHHE
OpOUTHI).

Takum o0Opazom, oOmiee 3HAYEHHWE MHOTOKOMIIOHEHTHOTO TEpMHUHA
BBIBOJUTCS U3 3HAUECHUS OTAEIBHBIX €r0 COCTaBIIOMMX. VX coueTaHue, 0lHAKO,
IPUBOIUT K CO3/IaHUIO HOBOT'O CMBICJIOBOT'O €IUHCTBA, UTO TPEOYET OT MepeBOIUNKA
MOHMMAaHUS KOHTEKCTa, B KOTOPOM TEPMHHOJIOTMYECKOE CIIOBOCOUYETAHHUE
npumensiercst  (Ilekapckass JI. A. PeueBoe (QyHKIIMOHMPOBAHME COCTABHBIX
tepMuHOB. [opbkuid, 1979. C. 25). Eme oaHoli 0COOEHHOCTBhIO TMEpeBOja
MHOTOKOMITOHEHTHBIX TEPMHUHOB SIBIISIETCSI MHBEPTHUPOBAHHBIA TOPSIOK CJIOB B

PYCCKHX CJIOBOCOYCTAHHUAX, OTJIMYHBIN oT IIOCJICA0BAaTCIBbHOCTH B
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COOTBETCTBYIOIIMX CJOBOCOYETaHUSAX B aHriauiickoM s3bike (HoibGept A.
IIparmaTnueckue acriekTel nepesoga. M.: Mexnynapoansie OtHomenus, 1978. C.
232).

B o0bekTe ucciaenoBaHus MTPUMEPOM IIHUPOKOTO UCIIOIB30BAHUSI aBTOpPAMU
MHOTOKOMITOHEHTHBIX ~TEPMHHOB MOXET BBICTYIUTh IPHUBEACHHOE  HUXKE
MpeIOKEHHE.

Cp.:

While several criteria can be examined in one step, the computational effort
does not increase compared to single objective assessment.

Tak Kak HECKOJIbKO KPUTEPHUEB OLICHKU MOTYT OBITh BBITIOJIHCHBI 32 OJIMH II1ar,
yBEJIMYCHNUE BBIYUCIUTEIBHBIX 3aTpaT He TpeOyeTcs, B OTIMYHUE OT
OJTHOKPHUTEPHATHHOU OIICHKHU.

B nmanHOM mnpenniokeHMHu MOXKHO HAOJIOJaTh JBa MHOTOKOMITOHEHTHBIX
TepMuHa - computational effort u single objective assessment. IIpu oOpaienuun
TEXHUUYECKHUM CJIOBapsIM OOHAPYKUBAEM, YTO TEPMUHOIOTHYECKOE CIIOBOCOUYETAHHE
“computational effort” mepeBoaUTCS Kak «BBIUUCIUTENbHBIC 3aTpaThl» (I"onbadepr
A. C. Aurno-pycckuid sHepretudeckuii cioaps. M.: Pycco, 2006). Ognako npu
nepeBojie ciaoBocoueTaHus single objective assessment oOHapy’»KHMBaeTCs, UYTO
HKBHUBAJICHT €0 MOJHON ()OPMBI HE MPEACTABIICH B CIOBAPSX MEPEBOJISIIETO SI3bIKA,
a 3HAYUT NEPEBOTUYMKY HEOOXOIUMO ONPEIETUTh 3HAYCHUS KAXKIOTO U3 BXOISIINX
B ero cocraB kommnoHeHToB. [Ipu oOpamenun k crnoBapio A. C. T'ompaOepra
oOHapy>XMBaeM, UYTO TEPMHHOJIOTHYECKOe cioBocouetanue Single objective
MEPEBOJUTCA Ha PYCCKUHM S3BIK KaK OJHOKpUTEpHanbHbIM. CioBo assessment B
CIOBape TEXHUYECKUX TEPMUHOB B IMEPEBOJAIIEM S3bIKE MPEICTABICHO
HECKOJIbKUMH SKBUBAJIEHTAMU — OLICHKA, UICUHCIICHUE U KOHTPOJIb (MansiBckas I'. P.
Pyccko-aHrnuiickuii  ClIOBapp ~ MHKEHEPHO-TEXHMYECKMX  TEPMHUHOB. M.:
Acconmanus ctpouTelbHBIX By30B (ACB), 2000).

Jlanee HeoOXoAMMO OOpaTUTh BHUMAaHUE HA KOHTEKCT, B KOTOPOM JaHHOE
TEPMUHOJIOTUYECKOE  CJIOBOCOYEeTaHHWe  ymoTpebsieno. ['nmaBa B oObekTe

HCCICAO0BaHUA, COACPpKaIlasd MdaHHOC IIPCAJTO0KCHHUC, OIIMChIBACT HCCKOJIBKO
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CIIOCOOOB OIICHKHM ONTHMHU3AIMK [OJICTA JICTATEIbHBIX allapaTroB, OJHHUM U3
KOTOPBIX M SIBISICTCS MCKOMBI MHOTOKOMIIOHEHTHbIM TepMuH. CleaoBaTebHO,
NepeBoJl TEPMHUHOJIOTUYECKOTO clioBocoueTanus Single objective assessment kak
OJTHOKPUTEPUATIBHON OIICHKH OyIeT COOTBETCTBOBATH TPEOOBAHHSM KOHTEKCTA,

MMpCACTAaBJICHHOTI'O B paCCMAaTpUBACMOM IIPCIJIOKCHHH.

2.4 TlepeBoj yCJAOBHBIX M THIIOTETHYECKUX (POPMYITHPOBOK

BONBIIMHCTBO TEXHMYECKUX TEKCTOB TpEJiaraloT Ha pPacCMOTPEHUE
YUTATENIO Pa3JIMUHbIEe TTPOTHO3BI, TEOPUH, TIPaBUJia U CIIEHAPUH, BO3MOXKHBIE TIPU
HECOOJIIOZICHUN ATUX TMpaBWi. Pe3ynbraToM sIBIsieTCS OOMIBHOE COJICpKAaHUE B
MOJOOHBIX TEKCTaX YCJIOBHBIX M THIOTETHYECKUX (PopMyrIupoBoK. OCHOBHBIC
CUHTAaKCUYECKHE MapKepbl TaKuX (OPMYIUPOBOK MOTYT OBITH IMOJIOKUTEIBHBIMHU
(when, if, whenever, as long as) u orpunarensubiMu (Unless, except if, but for).
3HaHMEe HOPM M TPaBWJI MEpPEBOAA MOJOOHBIX KOHCTPYKLUMWA Ha PYCCKUHM S3BIK
MO3BOJIUT TEPEBOJUYMKY JOOUTHCA COOTBETCTBUS CMBICIA TPEIJIOKEHUS B
NEPEBOJIAIIEM SI3bIKE CMBICTY, 3aJ0)KEHHOMY aBTOPOM B MCXOJHOM S3BIKE.
®enopoB A. B. mpemnaraet Tpu cnocoba mepeBojia MpeIoKEeHUH, CoaepKalnux
nojo0Hble KOHCTpyKiuu (PegopoB A. B. OcHoBBI 001Ieli Teopuu mepeBoja
(muurBUcTHYeckue npodaemsr). M.: ®UIJIOJIOT U TPU, 2002. C. 312):

1) B BUJIe IPUAATOYHOTO MPEJIOKEHUSI BPDEMEHH, MECTa, YCIOBUS,

2) B BUJIE JICCTIPUYACTHS,

3) ¢ IOMOINIBIO CYHIECTBUTEIBHOTO C IPEAJIOIOM MPH.

AHTTUHCKHE YCIOBHBIC MPEII0KCHUS OO0JamaroT psAIoM OCOOCHHOCTEH,
KOTOpbIe HEOOXOIMMO YYUTHIBATH MPH BHITIOJHEHUHU TnepeBoaa. Muxenbcon T. H.
MPUBOAUT 4 THIA YCIOBHBIX MPEMJIOKEHUN ¢ MOAPOOHBIM OMUCAHUEM MX CBOMCTB
(Muxenscon T.H., VYcmenckas H.B. IIpaktudeckuii Kypc TIpaMMaTUKH
anrmickoro s3bika. Cankt-IletepOypr: CnenmansHas nurepatypa, 1995. C. 255).

1. Zero Conditional — ycioBHBIC TIPEIIOKESHHS HYJICBOT'O THIIA.
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OTOT TUN YCIOBHBIX MPEAJIOKEHUIN MpecTaBIsieT cOO0M oueBHIHbIE (DAKTHI,
3aKOHBI IPUPOJIBI U HAYYHBIC yTBepkaeHus. Zero Conditional Takke ucnons3yercs
B MHCTPYKILUAX U YKa3aHUSX.

2. First Conditional — yciioBHBIE npe/IIOKEeHUSI IEPBOTO THUIIA.

OTH TPEIIOKEHHS NPEACTABISIIOT YACTUYHO PEaJbHOE YCIOBHUE, KOTOPOE
MIPOU30HUJIET, ECIIM BBITIOJHUTH TO U UHOE JIEMCTBUE.

3. Second Conditional — ycroBHbIe npeoxKeHHs: BTOPOTO THIIA.

OTOT THUIl YCIOBHBIX MNPEIJIOKEHUN JTEMOHCTPUPYET HEPEAIbHOE WIH
MaJIOBEPOSITHOE JICHCTBUE B HACTOSIIIIEM.

4. Third Conditional — ycioBHBIC TIPEAJIOKEHUS TPETHETO THTIA.

OTOT TUI YCIIOBHBIX MPEJIOKEHUH MEPENAET HEPEATBHOE MPOIILIOE, TO, YTO
YK€ CIIYYUJIOCh M HE TIOJIJIEKUT U3MEHEHHUIO.

[Ipoananu3upoBaB MpPEACTABICHHBIM BBIIIE TEOPETUUYECKUN MaTepHall,
nepeBeieM MpejiokeHne 00beKTa UCCeJOBaHUS.

Cp.:

A controlled system is called robust, if sufficient stability margins for all
perturbed plants up to the worst-case model uncertainty are guaranteed.

Cucrtemy ynpaBieHUs Ha3bIBAIOT YCTOWYMBOW, €CIIM MPEAEN YCTOWYMBOCTH
rapaHTUPOBaH U1 BCEX BO3MYIIEHHBIX 3JIEMEHTOB YIIPABJICHUs, JaXe B Cllydyae
HauXyAIENd HEONPEACIEHHOCTH IapaMeTPOB MOJEIIH.

B nmanHOM 1mpennoKEeHWH OTYETIMBO MPOJEMOHCTPUPOBAH NPUMEpP TakK
Ha3bIBAEMOI'0 HAYYHOTO (pakTa. ABTOpBI 00BEKTA HCCIEA0BAHUS YTBEPKIAAIOT, UTO
CUCTEMA YIIPABIICHHUS SIBJISAETCS YCTOMYUBOM IIPU TAPAHTUH YCTOMYUBOCTH ISl BCEX

3JIEMEHTOB YIIPABJICHUS.

2.5 IlepeBoa Kay3aTHUBHBIX KOHCTPYKIM I

KayzaTtuBabie  (mOOyAuTENbHBIE)  KOHCTPYKUMHM  JOBOJBHO  4acTo
UCIIOJIB3YIOTCS. B AQHIJIOA3BIUHBIX HAYYHO-TEXHUYECKHX TEKCTaX W 0003HA4aroT

HO6Y)KI(CHI/IG 00BEKTa K COBCPIICHHUIO I[GI‘/'ICTBI/IH HniIn HU3MCHCHHIO COCTOSAHUA.
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[TogoOHbBIE KOHCTPYKIMKU OTHOCSITCS K KATETOPUU CJIIOKHOTO JOMOJHEHUS U MOTYT
BBI3bIBATh TPYJIHOCTHU INpH nepeBoje Ha pycckuid s3bik (Hukutun M. B. OcHoBbI
JUHTBUCTUYECKON Teopun 3HayeHus. M.: Beicmas mkona, 1988. C. 168).
[ToOynurenbubie rmaronsl (to enforce, to allow, to make) oGpasyroT aBa Thma
Kay3aTHUBHBIX KOHCTPYKLHI, pPAacCMOTPETh KOTOPbIE MOXKHO Ha IpUMeEpe
MPEIOKEHUI U3 00BEKTA UCCIIET0BAHMUS.

1. Tpexunen Tumna riarou + 10NOJHEHUE + UHPUHUTHUB.

DTOT THUI Kay3aTUBHBIX KOHCTPYKIIMI MOXKET ObITh IEPEBEICH aHAJIOTUYHON
KOHCTpyKIHe B pycckoM s3bike (Pomanosa C. I1., Kopanosa A. JI. Ilocobue mo
HepeBOIY C aHIIIMICKOTro Ha pycckui. 4-¢ u3a. M.: K1V, 2008. C. 176).

Cp.:

A respective control axes decoupling is not only convenient for the pilot, it
also makes the subsequent controller layout much more intuitive and
straightforward.

COOTBETCTBEHHOE YCTPAaHEHHUE CBA3EM MEK/y OCSIMU YIIPABIICHUS HE TOJIBKO
yIoOHO I TWJIOTa, HO W JeNaeT CTPYKTYpy OpraHoB YyIpaBieHHs OoJliee
WHTYUTUBHOW U TTIOHSITHOM.

B npuBeneHHOM BbIllIE PUMEPE MPHU MEPEBOJIE HA PYCCKUN A3bIK Tiaron to
make coxpaHsieT CBOIO Kay3aTHBHOCTb U HE TPEOYET OT MEePEBOTUNKA CTPYKTYPHBIX
TpaHchOpMaLUi MPEITIOKCHUS.

2. IlpennoxkHass KOHCTPYKIMSI THUMA TJIaroj + JAOMOJHEHuE + mpejjior +
MIpUYACTHE.

JlaHHBI THUO Kay3aTUBHBIX KOHCTPYKIIMHA MOXET MOTpedoBaTh OT
MEepPeBOIUYMKAa TMPUOETHYTh K CTPYKTYPHBIM TpaHCcQOpMalusiM TPEIOKEHUS,
0COOEHHO B TE€X CIyYasX, KOT/ia Kay3aTHBHBIN IJ1aros ynotpedieH B MpeioKHOMI
koHcTpyKumu (Kpynuos B. H. IIpakTukym 1o mepeBojly C aHTJIMKUCKOIO si3bIKa Ha

pycckuii: yueoHoe mocodue s By30B. M. Briciias mkona, 2005. C. 279).
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Cp.:

For that reason, the pA'-Analysis, which is an enhancement of the pu-Analysis
allowing for a comprehensive robustness proof w.r.t. a user-defined boundary of
compliant stability characteristics, is proposed.

[To »Toit mpuumHe ObuT NpeanioxeH WA'- aHamu3, SBISIONINICS YIy4dllIeHHON
BEpCHUEN |L-aHaM3a U MO3BOJISIONIUN MIPOBOJIUTH UCUEPIIBIBAIOIINE UCTIBITAHUS Ha
YCTOWYUBOCTh, B TOM YHUCJIE€ U C MOJIb30BATEILCKUMH OTPAHUUYCHUSIMU OTACIBHBIX
XapaKTEPUCTUK CTAOMILHOCTH.

B srom npumepe rinaron “allowing for” Obu1 nepeBeneH Ha PyCCKHil A3bIK B
BUJIC MPUYACTHUS «IIO3BOJISIIONINI», HO OTCYTCTBUE B PYCCKOM SI3bIKE DKBHUBAJICHTA
npeiokHON KoHcTpykuuu “allowing for a comprehensive robustness proof”
noTpedoBalio OT MEePEBOAUNKA TPUOETHYTH K JOOABIECHUIO CIIOBA «ITPOBOJIUTHY. ITO
pElIeHHEe MO3BOIMIIO COOIFOCTH HOPMBI PYCCKOTO SI3bIKa, OJJHAKO TpaMMaTH4ecKas
CTPYKTYpa NPEJIOKEHUS TTPU 3TOM U3MEHUIIACH.

CymectByer Tpu cmocoba TepeBoJa  aHIVIMMUCKUX  Kay3aTHBHBIX
KOHCTPYKIIMH, MMO3BOJISIIOMIUX COOJIOCTH HOPMBI PYCCKOTO SI3bIKa, HE HAPYIIUB MIPH
ATOM CMBICJIA, 3aJI0)KEHHOT'O aBTOPOM OpUTHHANbHOTO TekcTa (Imutpuena JI.OD.,
Kynnesuu C.E., Maptunkesuu E.A, CmupHoBa H.®. Aurnumiickuil s3eik. Kypce
nepeBoga. Mzmanune BTOpoe. PocroB-Ha-llony: M3marenbckuit nentp «MapTy,
2008. C. 246-247). Bce Ttpum cmocoba MOXKHO pPacCMOTPETh Ha TMpPHUMEpPE
NPEITIOKEHUN U3 00BEKTa UCCIIEIOBAHMUS.

1. TlepeBoz ¢ MOMONIBIO AHATIOTUYHOM Kay3aTUBHON KOHCTPYKIIUU.

Cp.:

The niching (or crowding distance) concepts developed for genetic algorithms
allow (i) to keep multiple, highly fit, but significantly different solutions in a
generation, and (ii) help to avoid premature convergence to local minima.

VY3KoHampaBlieHHbIE (BBITECHSIIOIINE PACCTOSTHUE MEXKAY 3HAYCHUSIMU)
KOHIIENThI, pa3pabOTaHHbIE [JIsi BHEAPEHUS B TIE€HETHUYECKUE AT OPUTMBI,
MO3BOJISAIOT, BO-NIEPBBIX, MOJJIEPKUBATH BCEOOBEMITIOIIEE, BBICOKOE COOTBETCTBUE

KpUTCPHUAM OLCHKHM, IIOKa3blBaA IIpWU 3TOM, OAHAKO, 3HAYUTCIBbHO OTJIMYHBIC
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pe3yabTaThl pacy€ToB, a BO-BTOPBIX — MOMOTAIOT M30€KaTh MPEXKICBPEMEHHOIO
CXOXKXACHUS TOUCK JIOKAJIbHOI'O MUHUMYMa.

B nmanHoMm mpumepe koucTpyknmio “allow to keep” moxHO mepeBectn Ha
PYCCKUM  fA3BIK  AQHAJOIMYHOM  KAay3aTUBHOW  KOHCTPYKLMEH  «IIO3BOJISIOT
MOJAJIEP)KUBATh», HE MpuOeras Mpu STOM K CTPYKTYPHBIM TpaHcPopMalusiM
MPEAT0KECHHUS.

2. IlepeBoa 4acThIO CIOKHOMOJYMHEHHOTO IPUIATOYHOTO MPEAIIOKEHUS.

Cp.:

The blue bars indicate that parameters are allowed to deviate up to about 75%
from nominal before a violation of any of the assessment criteria occurs.

CuHne IUIaHKU HWHIUKATOPOB CUTHAIM3UPYHOT O TOM, UYUTO 3HAYCHHUA
mapaMeTpoB MOT'YT OTKIIOHUTBCA OT HOMUHAJIBHBIX Ha 75%, HC Hapymas 1npu 3TOM
KPpUTCPUCB OLICHKMU.

3. IlepeBoj IPOCTHIM MPETIOKEHUEM.

Cp.:

However, sufficient for MIL-Level 1 flying qualities, also an instability
featuring a long time-to-double of the spiral mode is permitted.

O,IIHaKO I IPpCANTOYTHTCIIBHBIX JIETHBIX XapaKTCPUCTUK I3TOI'O KOHTYpa

TAKKC JOITYCTHUMO JIMTCIBHOC YABOCHHUC aMINIMTYAbI IIPpU CITMPAJIbHOM IBUKCHHUH.
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SAKVIIOYEHUE

AHITUACKUN HAay4YHO-TEXHUUYECKUM TEKCT SIBIIAECTCS KIAAE3bl0 3HAHUU IS
MEepPEeBOIYMKOB BCEX BO3PAacTOB W ypoBHeH kBanudukanuu. HecmoTps Ha
JAKOHUYHOCTh COJEPKAHUSI, CTPOTYIO OPraHU3aLMI0 TEKCTA U OTCYTCTBUE CPEACTB
XYJ0KECTBEHHOW BBIPA3UTEIBHOCTH, OH BOIUIOLIAET B cede Ienblid psn
rpaMMaTHYECKUX U JIEKCMYECKMX TPYAHOCTEH, a Takke Yy3Kue o01acTu
crenuanu3anuy, [JJs [OHMMaHUhAg  KOTOPBIX  TMEPEeBOAYMKY  HEOOXOIUMO
O3HAKOMUTBCS C OMpPEIEIEHHBIM KOJIMYECTBOM YYEOHBIX MOCOOMH, TeMaTHUYEeCKUX
cJoBapei U Hay4YHBIX padoT.

[IpencraBienHoe B J1aHHOM BBIMYCKHOM KBaJIM(PUKALMOHHON paboTe
UCCJIEIOBAHME CTAaBUT 1€Nb  MPOJEMOHCTPUPOBATH TPYIHOCTH TMEpPEeBOJA
AHTJIMACKOTO0 HAyYHO-TEXHHMYECKOr0 TEKCTa Ha mnpuMmepe KHUrH «Advances in
Aerospace Guidance, Navigation and Control» aBropoB Jo€l Bordeneuve-Guibé,
Antoine Drouin, Clément Roos.

[Tpu NOATOTOBKE METOA0JIOTHYECKON OCHOBBI BBIITYCKHOU
KBAIM(DUKAIMOHHOW paboThl ObLI M3y4YeH P TEOPETUYECKON JUTEepaTyphl,
BKJIIOUaromied B ce0s yueOHMKH 1o TexHudyeckomy mnepeBoay (Cmekae B. IT.,
Makeea M. H., IlymnsHckuii A.Jl.) U cjloBapu TEXHUUYECKUX TEPMHUHOB
(desuuna E. H., I'ompaoepr A. C.). He MmeHee Ba)KHO OTMETHTH ITOCOOUS, KOTOPBIC
UCIIOJIb30BAJIUCHh B KAYECTBE TEOPETHUECKOM 0asbl MO Mpe/CcTaBICHHOW B padoTe
o0nacTy 3HaHUS — pa3paboOTKe CUCTEM YMPABICHUS JETATCIbLHBIMU anmapaTami.
Oto yueOHMK «CHCTeMBbl YIpaBieHUS JIETATEIbHBIX allapaToB» aBTOPOB
Bopo6ses B. B., Kucener A. M, IlomsikoB B. B. (Bopo6ses B. B., Kucenes A. M.,
[TonskoB B. B. Cuctembl ympaBieHHs JI€TaTEIbHBIX annapaToB: YYEOHHK Jis
KypcaHntoB u ciaymareneii By3oB BBC. M.: MzpatensctBo BBUA umenu
npodeccopa H. E. XKykosckoro, 2008) um yuebHoe mocobue JlaBwimoa . E.
«Cucrtemsl ynpasinenust JIA» (JassinoB U. E. Cucrems ynpasnenus JIA. Camapa,

2013).
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B nmnepBoii rnaBe BBIMYCKHOM KBadU(UKAMOHHOW padOThl OIMKCAaHbI
IrpaMMaTUYECKHUE TPYIHOCTH IIEPEBOIA AHTJIMMCKOIO0 HAYYHO-TEXHUYECKOT O TEKCTA.
Ha npumepe mnpemyioxeHuil U3 0OOBEKTa HCCIEIOBAaHUS MPOJEMOHCTPUPOBAHBI
CJIy4a 4acToOro ynoTpeOyeHHusl aBTOpaMU OPUTHHAIIBHOTO TEKCTa HEJIMYHBIX (OopM
[JIAr0JI0B M IMACCUBHBIX KOHCTPYKUMH, a TAaKXe IIMPOKOE NMPUMEHEHHUE NpHemMa
HOMUHaNM3anuu. Jlns mepeBoja W OMMCAHUS SIBJICHUS HOMHUHAIM3aLUUU ObLIN
M3Y4YEHBl TEOPETUUYECKUE MATEpHUabl IO TEOpUU NEpeBoAa aBTopoB Kommccapos
B. H., bapxynapos JI. C., bpeyc E. B. OcHOBHbIMU HCTOUYHHKAMH WH(DOPMAITIU TPU
U3yYeHUH CIOCOOOB TMEpeBO/a HEJIWYHBIX (OpPM TIJIaroJioB M MACCHUBHBIX
KOHCTpYKIMi ctanu padotsl Llselinepa A. JI. u Henro6una JI. JI.

Bo BrOpoii rnaBe BBIMYCKHOM KBaJIH(PUKAIMOHHON pabOThl OMHMCAHbBI
JIEKCUYECKNE TPYTHOCTH MEPEBOJIA AHTIIMHCKOr0 HAYYHO-TEXHUYECKOI0 TeKcTa. Mx
BHYIIUTEIEHOE KOJMYECTBO 00YCIOBICHO LEIBIM PSIIOM MPUYUH, B YUCIIE KOTOPHIX
HE TOJIBKO crieln(rKa OMMChIBAEMON B TEKCTE 00JIACTH 3HAHMSI, HO U OTCYTCTBHUE B
PYCCKOM SI3bIKE MHOTMX KOHCTPYKILHMI, CBOWCTBEHHBIX AaHIJIMIICKOMY S3BIKY.
OcHoBHOU mpoOneMOil Tpu mnepeBofe NPodhecCUOHANBHBIX TEKCTOB SIBIISAETCS
TEPMUHOJIOTHUSA, NIpUCYIasi TEMaTUKE, ONMCBHIBAEMON B IEPEBOAUMOM TeKcTe. JlJist
aJIeKBaTHOTO  TEpeBOJla  y3KOCHEIHUAJIbHBIX  TEPMHHOB M OOBSICHEHUS
HEO0OXOAUMOCTH BBHIOPATH TO WJIM MHOE 3HAYEHHE OBLI UCITOIh30BaH aHTJIO-PYCCKUN
CJIOBAph MO D3JICKTPOTEXHHUKE M BJICKTPOIHEpPreTuke aBTopoB Jlyrunckuiu . H.,
®Oesu-Kmmnckas M. C., Kabupos 0. C., a Taxke mocooust Cranuciasckoro A. P.
u Banmnumkoa 1O. B. Jlna mepeBonma cokpamieHuii u ab0OpeBHATYyp, a TaKXkKe
MHOTOKOMITOHEHTHBIX TEPMUHOB OBLITH MCIIOJIE30BAHBI CII0OBapH aBTOPOB ["onbaoepr
A.C. u Manseckas ['.P. Omnwmcanme cmocoO0OB mepeBoja THIOTETUYECKUX
(bOopMyIHPOBOK U Kay3aTUBHBIX CTPYKTYp OCHOBaHO Ha pabotax ®emopora A. B.,
CepreBanHoil B. M. 1 1pyrux oTe4eCTBEHHbBIX aBTOPOB.

[lonHpli nepedyeHb pabOT, COCTABUBIIUX METOJOJIOTHUYECKYI0 OCHOBY

HCCICA0BaHMA, JOCTYIICH B CIIMCKC UCII0JIb30BAHHBIX HCTOYHHNKOB.
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AHanu3upysi U3y4eHHBI MaTepuai, IpuMepsl U3 00bEeKTa UCCIECTOBaHUS U
MH(OPMAIIMOHHBIA  PECypC, MCIHOJb30BaHHBIA MPU  BBINOJHEHUU JAHHOU
BBIMTYCKHON KBaJU(PUKAITMOHHON pabOThI, MOXKHO CZENIaTh BBIBOJ, YTO TPYAHOCTH
NepeBofa AaHTIUICKOTO HAyYHO-TEXHHUYECKOTO TEKCTa BCE €Ie SBISIOTCSA
aKTyaqbHOW TEMOW B MPOQPECCHOHATHHOM IEPEBOJOBEICHUU U CTaBIT TEpea
MIEPEBOAYMKOM Pl BOIPOCOB, TPEOYIOMIMX KOMIUIEKCHOTO uccienoBanus. [lpu
u3yueHnn oO0bBeKTa wuccienoBanusi, kauru «Advances in Aerospace Guidance,
Navigation and Control» aBTopoB Joél Bordeneuve-Guibé, Antoine Drouin,
Clément Roos 6bu1 0OOHapykeH psia TpaMMaTHUECKUX U JICKCHUECKHX TPYIAHOCTEH,
CBOWMCTBEHHBIX HAyYHO-TEXHHYECKOMY TeKcTy. JlaHHas paboTa MOCBSIIEHA WX
KOMIUIEKCHOMY  HCCJICIOBAaHUIO METOJIOM CPaBHUTEIIBHO-COIOCTABUTEIHLHOTO

aHaJin3a.
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IHPUJIO’KEHUE A

Opurunan ¢gparmenra KHuru «Advances in Aerospace Guidance,
Navigation and Control» (Joél Bordeneuve-Guibé, Antoine Drouin, Clément
Ro00s)

Part |

Guidance and Control

Abstract. It is a well-known fact that the General Aviation (GA) sector
exhibits a significant higher accident rate compared to common transport aircraft
(airliners). This is caused by two major reasons: First, pilots of General Aviation
Aircrafts commonly show a relatively low training level and a small number of flight
hours compared to airliner (ATPL) pilots. Thus, their flight experience and hazard
awareness is in general strictly limited. Second, General Aviation Aircraft usually
are not equipped with various well-proven safety enhancing assistance systems like
an active Fly-by-Wire Flight Control System (FoW FCS), as it is state of the art in
current transport aircraft. The use of active FbW FCS supports the pilot by providing
excellent Flying and Handling Qualities and thus, reducing pilot’s workload at the
same time by directly generating appropriate control deflections, dependent on the
pilot’s commands and (measured) flight condition. Unfortunately, this valuable
safety increasing systems did not find their way into the General Aviation sector,
due to the tremendous costs of typical Fly-by-Wire control technology. The
continuation of the project “Future Small Aircraft (FSA)” at the Institute of Flight
System Dynamics of the Technische Universitit Miinchen comprises the
development of active FoW FCS with the primary objective to provide excellent
Flying and Handling Qualities to yield best possible pilot’s assistance for General
Aviation Aircraft. The robustness proof is mandatory for GA aircraft due to the
present considerable model uncertainty owing to the lower affordable modeling

efforts.
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1 Introduction

By comparison of the accident statistics of General Aviation (GA) versus
common transport aircraft (airliners) it becomes immediately obvious that the
General Aviation sector exhibits a significant higher rate of accidents (Ref. [1]). This
fact is not new and even though the sources are manifold, two main reasons behind
may be identified. On the one hand, General Aviation Pilots mostly hold a Private
Pilot License (PPL) only and hence, their number of flight hours and thus their
experience is commonly considerably limited in contrast to airliner pilots possessing
an Airline Transport Pilot License (ATPL). On the other hand, current modern
transport aircraft feature a noteworthy higher technical standard providing various
beneficial pilot assistant systems in order to support the pilot to fly the aircraft safely
and to reduce pilot's workload extensively.

The most important and effective assistant systems, which are well-known as
active Fly-by-Wire Flight Control Systems (FbW FCS) intervene directly and
actively into the aircraft's control and besides improving and homogenizing flying
and handling qualities considerably, they offer a wide range of functionalities
including pilot input monitoring, provision of warnings plus limitations and
advanced protections. Hence, they increase the passenger, crew and aircraft comfort
and safety competently towards the overall ultimate objective "carefree handling”.

This valuable safety increase, which has become standard in current transport
planes and modern business jets, unfortunately did not find its way into the general
aviation sector due to the tremendous cost of typical Fly-by-Wire control technology
always requiring complex redundancy and reversionary systems in order to fulfill
the strict certification requirements and specifications. However, to achieve a
corresponding safety enhancement for GA aircraft and thus, to depress their high
accident rates and to protect human lives, the well-proven beneficial functionalities
of active Flight Control Systems unguestionably have to be made available and
especially affordable for this small airplane class. This applies particularly in the

context of the expected significant rise in the number of GA planes and movements
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(Ref. [2]), which otherwise would inevitably come along with a further increase in
accidents and victims, and this has to be prevented certainly. Consequently,
specifically tailored active FbW FCS technology suitable and in particular
affordable for GA airplanes has to be matured or developed, respectively, and made
available immediately. For instance, recent technological achievements and trends
in the field of (miniaturized, efficient and reliable) actuators, sensors and flight
control computers (FCC) offer the potential to design more cost-effective active
assistance systems to be utilized within future GA planes.

A substantial contribution to this subject is one major objective of the
ambitious Technology Research Program “Future Small Aircraft (FSA)” of the
Austrian aircraft manufacturer Diamond Aircraft Industries in cooperation with the
Institute of Flight System Dynamics of the Technische Universitidt Miinchen. Within
this joint multinational Research program concerning upcoming Future Small
Aircraft, first a hybrid control concept for longitudinal dynamics has been proposed
(Ref. [3]), which currently is extended by the development of an appropriate lateral
flight control system (refer to Ref. [4]). Although the control law layout is aimed for
the provision of homogeneous excellent handling & flying qualities and thus, highly
effective pilot’s assistance, another main focus is set on the elaboration of special
processes, tools and hardware requirements/solutions supporting the design of
control algorithms which are perfectly adapted to the specific needs of
manufacturers of small and medium-sized planes.

Summarized, the development process applied comprises the following main
topics:

1) elaboration of a generalized controller structure for lateral dynamics
suitable for all classical airplane configurations (fixed-wing aircraft with
empennage) irrespective of whether a full Fly-by-Wire or “Hybrid Flight Control
System” will be implemented, see Ref. [4],

2) provision of a corresponding appropriate gain layout methodology, denoted

"Model Reference Direct Eigenstructure Assignment” (MR DEA), which is directly
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adapted to the generalized controller structure previously introduced in order to
determine the gain sets/tables along the entire envelope (Ref. [4]),

3) development of a controller analysis tool for robustness assessment based
on a detailed multivariable model uncertainty description and evaluation by means
of the Advanced Structured Singular Value pA" in order to enable a (affordable)
strict certification process (main focus of this paper).

Verification, validation and test of the whole development chain will be
accomplished by implementation of the lateral controller designed into an state of-
the-art general aviation aircraft simulator (D-SIM-42) and finally, by actually flying
the active FbW FCS proposed on the dedicated flying testbed "Fliegender
Erprobungstriger", a research aircraft based on a DA-42 NG MPP airframe which
was projected, developed and modified at the Institute of Flight System Dynamics

of Technische Universitat Munchen.

2 Development, Integration and Test Environment (along) with Flight

Dynamics Modeling

A small aircraft featuring an active Fly-by-Wire Flight Control System (FoW
FCS) represents a new class of general aviation airplanes. By utilizing the benefits
of such a system, some basic aircraft design objectives (e.g. inherent static stability
and naturel damping characteristics) may be shifted to other focuses and thus, the
aircraft concept may differ from today’s conventional shape. Nevertheless, the novel
active FoW FCS must be implemented, demonstrated and tested out within a suitable
flying testbed before designing an entire new aircraft configuration relying on such
a novel active Flight Control System technology.

For this purpose, the Institute of Flight System Dynamics owns a fully-fledged
Flight Control System Development and Integration Environment:

1) a DA-42 Flight Training Device (D-SIM-42 FTD simulator) with extensive
capabilities to simulate malfunctions of multiple aircraft systems for design and

validation of control laws and pilot in the loop verification,
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2) a DA-42 Airframe and Control System Iron Bird for component tests and
verification, integration tests for research aircraft and hardware in the loop
simulation in connection with the Flight Training Device,

3) and in particular a research aircraft Diamond DA-42 MPP NG (Multi
Purpose Platform New Generation), particularly dedicated as in-flight simulator

with an Experimental Fly-by-Wire (EFbW) control system, see Fig. 1.

I, iy = = e

Fig. 1 Research Flying Testbed (DA-42MPP NG) featuring EFbW FCS

With this continuous "end-to-end" development and integration chain at hand,

it suggests itself to utilize the Diamond DA-42 aircraft as reference configuration
for the control design methodology application and demonstration. For this type of
aircraft the feasibility, advantages and reliability of the active FoW FCS for general
aviation aircraft will be analyzed, verified and finally (in-flight) proven.

Regarding the functional layout and development of the control system, an
appropriate high-fidelity flight simulator for functional testing is of vital importance.
The available D-SIM-42 Flight Training Device is equipped with an original glass
cockpit, Garmin G1000 Avionics package with primary flight display (PFD) as well
as a multi-function display in order to achieve the most realistic cockpit
environment. The DA-42 simulator thus represents a perfect tool for functional
controller pilot-in-the-loop testing under “real world” conditions. Unfortunately, the
D-SIM-42 flight dynamics model as well as all internal signal processing are
completely capsuled “black boxes” and entirely isolated from external inputs. Both
is adverse for the use of the simulator as design and implementation platform

regarding the active FCS to be developed.
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For this reason, an independent full-fledged nonlinear six 6 DoF model called
“FSD DA-42/FSA 6 DOF Flight Dynamics & Simulation Model” has been
implemented using MATLAB / Simulink and the corresponding top-level block
structure is depicted in Fig. 2. Particular emphasis was placed on a high-fidelity
physical modeling and on a exact reproduction of the dynamics of the D-SIM-42
FTD simulator.

The validation of the FSD DA-42/FSA 6 DOF flight dynamics model was
accomplished by systematic simulator flight tests conducted in the D-SIM-42 device
(as detailed within Ref. [3]) assuring a excellent matching versus the D-SIM-42
FTD.

3 Lateral Flight Control Design Methodology

3.1 Objectives, Requirements and Derived “Design Philosophy”

The primary objective of the FSA lateral controller design is to provide
excellent homogenous flying/handling qualities along the entire flight envelope in
order to reduce pilot's workload significantly when flying the airplane manually.
Related intensions are to increase the safety and comfort of passengers and crew
together with the efficiency of the aircraft (fuel consumption).

To achieve these goals, it is required to improve and homogenize the stability
and command characteristics to shape them intuitive and predictable over the
operational envelope and to accomplish an effective gust load rejection.
Additionally, the effects of aircraft configuration changes (e.g. one engine
inoperative) should automatically be compensated and a further reduction of the
pilot’s workload should be achieved by partial automation of secondary controls,
e.g. spoilers, flaps or thrust setting.

Consequently, the following primary design objectives may be deduced and
appointed in terms of our "design philosophy"":

- modification of the aircraft’s stability characteristics:
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1) the basic stability characteristics and thus the flying qualities shall be
modified by assignment of "optimal” damping and natural frequency or time
constant, respectively, each to the different eigenmodi of the lateral motion.
Furthermore, an effective decoupling of roll and yaw axes shall be applied;

- augmentation of the command behavior:

1) Rate Command/Attitude Hold (RC/AH) characteristics w.r.t. roll axis
versus Angle of Sideslip (AOS) Command/Zero Lateral Load behavior (yaw axis):
The provision of “velocity vector roll” and angle of sideslip command has shown to
be very intuitive and predictable for the pilot in combination with attitude hold and
zero lateral load factor (ny=0) characteristics, respectively, when the inceptor is
released;

2) Feed Forward Path Augmentation: By implementation of a "direct link"
feed forward branch each for yaw/roll axis, the aircraft’s control sensitivity will be
improved by means of “integrator feedback pole” cancellation out of the
corresponding command transfer functions in order to obtain a “crisp™ common
control response;

-decoupling of command inputs (introduction of decoupled "auxiliary control
effectors™):

1) to manually initiate a velocity vector roll, the pilot would have to apply
coordinated aileron and rudder command and vice versa a pure buildup of sideslip
would require adding adequate aileron deflections to the pedal input. This maneuver
coordination concerning the decoupling of experimental roll and yaw axes shall be
accomplished automatically by means of so-called “auxiliary control effectors”. A
respective control axes decoupling is not only convenient for the pilot, it also makes

the subsequent controller layout much more intuitive and straightforward.

3.2 Controller Design

As described within the previous section, the controller to be developed has

to comply with several different objectives. The fulfillment of the specific design
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goals is thereby typically associated with the different branches of the controller
structure. The overall controller structure is depicted in Fig. 3, a detailed description
can be found in Ref. [4].

Generally, the controller consists of the Command Signal Generation
providing roll rate and angle of sideslip command signals, the decoupling Yaw and
Roll Axis Feedback Controller relying on the calculated commands plus sensor
feedbacks generating generalized input variables in terms of demanded roll and yaw
control acceleration (normalized control moment w.r.t. the experimental axes) as
well as the Control Allocation converting the generalized input variables to
equivalent allocated rudder/aileron control surface deflection commands.

The Command Signal Generation path scales, limits and processes the pilot’s
stick and pedal inputs to yield/provide intuitive stick and pedal characteristics. The
Yaw and Roll Axis Controller each basically represents a classical Pl-scheme
augmented by a direct link path. Accordingly, the relative and absolute damping as
well as the natural frequency of the dutch roll, the roll and spiral time constants are
adjusted to meet so-called “optimal Level 1*” flying qualities derived from Ref. [5]
and a decoupling of the roll and yaw motion (with regard to the experimental frame,
I.e. velocity vector roll / pure sideslip buildup) is realized. The direct link paths are
used to ensure a “crisp” roll and angle of sideslip response. The Control Allocation
provides a coordinated deflection of rudder and aileron according to the Yaw and
Roll Axis Controller outputs p.” and f.° to ensure a decoupled command behavior
relating to the experimental frame.

To ensure proper controller function, high and low frequency measurements
have to be available appropriately, as listed in the following table (whereas the “hat-
variables” represent not directly measured but estimated signals).

Table 1 Measurement Signals

High Frequency Measurements ‘ Low Frequency Measurements

Rys Ps T ‘ @, 6, |'lf]
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The layout of the specific controller gains (feedback, feedforward plus
crossfeeds) for a representative set of flight conditions along the envelope is
performed by applying Model Reference Direct Eigenstructure Assignment (MR
DEA). A detailed description of MR DEA can be found in Ref. [4]. Appropriate
controller gain tables holding for the entire flight range were established as follows:
For a dense mesh of discrete trim points along the envelope corresponding state
space models are generated for each of which a gain set has been computed by the
MR DEA method. Based on these gain matrices, a gainscheduled controller covering
the whole admissible flight envelope is designed. Furthermore, in case of an air data
(dynamic pressure) failure, a “reversionary mode” fixed- gain back-up controller is

developed.

4 Robustness Considerations and Proof

To ensure safe and reliable operation of the controlled aircraft along the entire
admissible envelope, it is mandatory to proof/verify/demonstrate that the minimum
required closed-loop stability characteristics are guaranteed for all deviations (to be
expected/specified) between the real (perturbed) system and the nominal plant plus
controller development model. The differences (deviations/errors) between a real
system dynamics and the nominal models used for control system design are
typically denoted by the term model uncertainty. A controlled system is called
robust, if sufficient stability margins for all perturbed plants up to the worst-case
model uncertainty are guaranteed. In the past until today, robustness verification for
flight control systems within the governmental permission and certification process
Is adduced via single-inputsingle- output (SISO) phase and gain margins (Nyquist
criterion or Nichols “disk margins”, respectively), compare Ref. [6]. However, this
Is also done for multipleinput-multiple-output (MIMO) systems, e.g. the lateral
aircraft dynamics, by applying so-called “bottleneck” single loop cuts (with all other
loops closed). Nevertheless, Doyle showed by counterexample (Ref. [7]), that a

single-cut (SISO) robustness proof of a MIMO system is basically not sufficient. In
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contrast, sufficient and non-conservative evidence of robustness for a MIMO system
can be provided by means of the “Structured Singular Value (SSV, p-Analysis) see
Ref. [8]. Hence, an innovative advancement of the p-Analysis in order to prove
“robust compliance” w.r.t. user-defined specific “stability characteristics borders”,

will be introduced.

4.1 Introduction of Robust Compliance and pAf-Analysis

The p-Analysis provides a sufficient evidence of robust stability for a
controlled system (Ref. [8]). That is, via the structured singular value p it can be
assured that for a specified set of model uncertainties no pole/eigenvalue of a
nominal stable system reaches or crosses the imaginary axis of the complex plane
and thus, the system will remain stable.

From a flight dynamics point of view, the imaginary axis is commonly not
decisive for sufficient flying qualities and hence, not relevant for adequate stability
and robustness characteristics. For example, the spiral mode of an aircraft with a
control and stability augmentation system (CSAS) should preferably be neutral
stable for excellent flying qualities (“MIL-Level 1*). However, sufficient for MIL-
Level 1 flying qualities, also an instability featuring a long time-to-double of the
spiral mode is permitted (Ref. [5]). A verification of robustness with respect to a
neutral or bounded unstable spiral mode using classical p-Analysis is not possible
due to the nominal stability precondition and the imaginary axis reference.
Therefore, in order to demonstrate adequate robustness properties w.r.t. sufficient
flying and handling qualities, e.g. allowing an unstable spiral pole meeting the time-
to-double limit, the robust compliance and the pA"-Analysis is proposed.

The pAT-Analysis does not refer to the imaginary axis as stability border, but
evaluates the stability characteristics in relation to a user-defined border " within the
complex plane. In direct analogy to the imaginary axis as stability border for robust
stability, we define (robust compliance): If all poles/eigenvalues of a linear time-

invariant system are to the left of the user specified border ' for all perturbed plants,
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the system fulfills the required robust stability characteristics and is called robust
compliant. If at least one pole/eigenvalue lies on (or to the right of) the specified
robustness bound, the system is not robust compliant, i.e. non-compliant. In Fig. 4,
the concept of compliance and non-compliance in analogy to stable an unstable are
Illustrated.

The execution of a robustness analysis for a MIMO linear time-invariant
dynamic system via the pA"™-Analysis is based on a standard structure of the robust
control theory, the MA-Structure (Fig. 5), compare Ref. [8], [9] et al. The MA-
Structure yields the partition of known system parts (plant and controller) M (G, K)

and uncertainties A.
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Fig. 4 Compliant and non-compliant
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Fig. 5 MA-Structure

In correspondence to the definition of the structured singular value p (Ref.
[8]), uAT for the analysis of robust compliance (RC) is defined as follows:

- definition pA": If T is the user-defined bijective compliance border and if for
the MA -Structure is true:

1) M (*") and A (*") are complex matrixes for every point of the compliance
border " (Index S");

2) A (°7) € A ipu A = {diag (8:ls,..., li, Au,..., A) | 8 € C, Ai € Cmi *mi} the

structured singular value pA" of the matrix M is for every point of the compliance
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border S" = 6"(w) + jo with @ € (-00; +o0) (for the analysis of robust compliance)

defined as follows:

(min {7(Ap) | det(I =M i) =0}
tar(Mep) = (1)
0] det{f - M(sr)ﬂ'(sr)) =0, vAaeA

The proof of robust compliance via the structured singular value pA™ of a
nominal compliant linear time-invariant dynamic system is as follows:

- robust compliance via pA": If ' is the user-defined unique compliance border
and if for the MA-Structure is true:

1) M(S) and A(S) are complex transfer matrixes, which are both compliant,
I.e. all poles/eigenvalues of M(S) and A(S) lie to the left of the compliance border;

2) A(S) is a structure block diagonal uncertainty matrix conform with 6(A(S))
<1,VS=0%+jocd=20(n), the closed MA-Structure is robust compliant (fulfills

robust compliance) for all permitted uncertainties, if
tar(Me; ) <1 Vo (2)

According to the SSV u the direct calculation of pA™ is not possible, but an
upper and lower bound of pA" can be determined based on the properties of pA'.
This is analog to the u-Analysis (Refs. [8], [9]).

A simplified descriptive interpretation of uA" and robust compliance is as
follows: The roots of det(I-M(*")A(*") are identical with the poles/eigenvalues of the
closed MA-Structure. If for every point of the compliance border, the equation det(l-
M(CTACT) is solved, it can be identified if a pole/eigenvalue lies on the borderline.
Regarding a nominal compliant system (i.e. all poles/eigenvalues lie to the left of
the compliance border) and considering a successively growing uncertainty A, the
smallest A for which det(I-M(*")A(*") = 0 holds, can be identified. Thereby A is
measured by means of the maximum singular value d(A*"). That means that at least
one pole/eigenvalue has reached the compliance border. As a result, the structured
singular value pAT(M(*")) is a measure for the crossing of the compliance border by
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a pole/eigenvalue in relation to the uncertainty A. A large value of pAT(M(¥T)) means
“worse robustness characteristics”; a small value of pA"(M(*")) means “good
robustness properties”. According to the small gain theorem (Ref. [8, 9]) and under
the constraint of allowed uncertainties 3(A(*")) < 1, the requirement for robust
compliance by pAT(M(*")) < 1 follows.

A detailed and comprehensive derivation and proof of the robust compliance
as well as the structured singular value pA" including its properties is done by the
authors, but is outside the scope of this paper. The above introduction has no claims
of completeness and is only intended to provide a short introduction for the better

understanding of the following.

5 Linear and Nonlinear Analysis

Finally, a brief linear analysis of the closed loop system is presented to verify
the dynamic characteristics of the controlled aircraft and to show the improvement

compared to the uncontrolled airplane.
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Fig. 11 Poles / eigenvalues in comparison
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In Fig. 11, the poles/eigenvalues of the controlled aircraft with the
gainscheduled controller, of the controlled aircraft with the fixed gain controller and
in addition of the uncontrolled aircraft, are illustrated.

The variation of the roll mode over the envelope is reduced to an acceptable
range that provides intuitive flying properties and in particular the high absolute
damping, which causes too large control sensitivity (Ref. [11]), is reduced
measurably. The position of the dutch roll poles/eigenvalues is changed by the gain
scheduled controller to receive an optimal absolute and relative damping and also a
higher natural frequency, so that the dutch roll fulfills MIL-Level 1* properties. In
addition, the fixed gain controller improves the dutch roll to get high damping and
therefore better flying properties compared to the uncontrolled aircraft. The spiral
mode of the uncontrolled aircraft that has stable characteristics is modified by the
controller in order to be neutral stable as is required for excellent flying and handling
qualities of an aircraft equipped with a control and stability augmentation system
(CSAS).
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The requested decoupling of the roll and yaw dynamic, which is an important
requirement to generate optimal flying characteristics of aircrafts with a CSAS, is
also realized by the gain-scheduled controller. To demonstrate this fact, the dutch
roll eigenvector will be analyzed: In Fig. 12, the dutch roll eigenvector of the
uncontrolled aircraft and of the aircraft with the gain-scheduled controller is pictured
in dependence on the dynamic pressure. The figure clearly shows that the part of the
roll rate (¢) and the bank angle (p.) of the controlled aircraft is reduced to a minimum
and thus the yaw dynamics are decoupled from the roll axis states, as required.

It has been proofed that, in analogy to the dutch roll, the part of the angle of
sideslip both of the roll and the spiral mode is also reduced to a minimum. As a
result, the roll axis dynamic is decoupled from the angle of sideslip.

The analysis of eigenvalues and eigenvectors demonstrates clearly that the
requirements concerning excellent flying properties, particularly the decoupling of
the lateral motion, is fulfilled adequately in consideration of the linear model.

Finally, in the following, the fulfillment of these requirements will be
confirmed in a nonlinear analysis.

The nonlinear numerical simulation of the controlled aircraft using the
gainscheduled controller is performed with the above explained FSD DA-42/FSA 6
DOF simulation model. The aircraft characteristics will be analyzed first for a
command in the roll axis (pec), second for an atmospheric disturbance from the side.
The analysis of the controlled aircraft is always executed in comparison to the
uncontrolled one.

The dynamic behavior of the controlled aircraft with a disconnected
squarewave signal of pec is shown in the left diagram line of Fig. 13. In comparison
to the uncontrolled aircraft, the controlled one performs a coordinated motion in
building up and reducing the bank angle as well as in the stationary turn flight. As a
result of the automatic coordinated flight, there are almost no effects to the angle of
sideslip as required. This is caused by the harmonized controller-demanded rudder

and aileron deflection. As is evident, the uncontrolled aircraft (right diagram line of
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Fig. 13) does not execute a coordinated flight motion for a lateral stick input, thus
the pilot workload to generate suchlike behavior is very high.

After the analysis for a pec-command has been shown, the atmospheric
disturbance will be examined.

The shape of the side wind gust has a “1 — cos” form, see Ref. [5]. The
dynamic performance of the aircraft with the gain-scheduled controller is pictured
in the left diagram line of Fig. 14. The uncontrolled aircraft behavior caused by the
gust is presented in the right diagram line of Fig. 14. In addition, in the lowest
diagrams of Fig. 14 the crosswind gust velocity V" is shown.

The controller performs coordinated deflection of the ruder and the aileron,
which improves the dynamic characteristics of the yaw axis states r. and 03
significantly, because of the better transient response. Furthermore, the automatic
surface deflection of the controlled aircraft reduces considerably the effects to the
roll axis. The roll rate p. is reduced to a minimum and thus the bank angle is almost
zero in contrast to the bank angle of the uncontrolled airplane.

The analysis of the disturbance behavior shows that the stability
characteristics of the controlled aircraft are superior compared to the characteristics
of the uncontrolled one. Because of the improved disturbance response the pilot

workload of the controlled aircraft is reduced immensely.
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Fig. 13 Comparison of controlled (gain-scheduled controller) and

uncontrolled aircraft for roll command

The analysis of the disturbance behavior shows that the stability
characteristics of the controlled aircraft are superior compared to the characteristics
of the uncontrolled one. Because of the improved disturbance response the pilot
workload of the controlled aircraft is reduced immensely.

6 Summary / Conclusion

The development of a novel Fly-by-Wire Control System designed to provide
excellent flying qualities and pilot’s assistance for the lateral dynamics of Future
Small (GA) Aircraft has been presented focusing on a sufficient proof of robust
compliance.

After introducing the high safety risks in the general aviation sector and the
need for improvement by establishing active Flight Control Systems, a controller
structure, specifically tailored for excellent flying and handling qualities, as well as
a corresponding design methodology has been proposed. Subsequently, a robust
compliance verification of the presented control system, which is the main focus of
this paper, is presented.

The conventional robustness analysis based on Nichols Charts (single loop

cuts) does not guarantee sufficient stability characteristics. For that reason, the nA'-
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Analysis, which is an enhancement of the u-Analysis allowing for a comprehensive
robustness proof w.r.t. a user-defined boundary of compliant stability characteristics,
Is proposed. By means of the pAT™Analysis, a robustness assessment of the
controlled aircraft considering an extensive uncertainty model executed and robust
compliance has been verified along the entire envelope.

A linear and nonlinear analysis (simulation) of the controlled aircraft in
comparison to the non-augmented aircraft dynamics reveals the potential of the
concept presented. The analyses presented highlight the significant improvements
concerning the flight and command behavior/characteristics of the aircraft with the
active FbW Flight Control System.

Application of Optimization-Based Worst Case Analysis to Control Law

Assessment in Aerospace

Abstract. The flight control law design assessment problem can be formulated
as a robustness analysis problem, where a set of suitably defined assessment criteria
must be checked to lie within certain limits for all admissible variations of vehicle
parameters, external inputs and all flight conditions. Optimization based worst case
analysis can be used to find those parameters/inputs/flight conditions for which the
criteria are violated or poorly satisfied. The potential of this approach is its general
applicability to any kind of simulation models and scenarios including complex non-
linearity in control laws. But in order to confidently assert that no violation of
assessment criteria exists, a global optimization problem has to be solved. Especially
In case of many assessment criteria, global worst case search can lead to a huge
computational effort. However, solving worst case problems as a multi-objective
problem can help to reduce the number of computations since all or some of the
assessment criteria can be considered simultaneously. Optimization-based
approaches can also be used to detect parameter sensitivities on the assessment

criteria and can help to find safe parameter regions.
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1 Introduction

When applying traditional approaches like Monte-Carlo simulations or
parameter studies for flight control system (FCS) assessment it is problematic to find
confidently weak or even worst cases or to confidently assert that those cases do not
exist [14]. Along with the normally huge computational effort necessary for these
approaches, this motivated research in [13] to explore the benefits of several new
analysis techniques for the assessment analysis of flight control laws, like stability
analysis of linear parameter varying systems or optimization based worst case
search.

In the latter approach, the assessment problem is formulated as a robustness
analysis problem, where a set of suitably defined assessment criteria must be
checked to lie above (below) certain bounds for all admissible variations of aircraft
parameters, external inputs and all flight conditions. Optimization tools can then be
used to find the minimum (maximum) solution indicating whether these bounds are
violated or not and the global extremum found is called the worst case. Such an
approach was already formulated in [2].

Hence the difficulty in using the optimization based approach does not lie in
finding a parameter combination such that a criterion is not satisfied, i.e. to
demonstrate that the FCS is not validated, but to confidently assert that a criterion is
verified in all cases. That means one has to solve a global optimization problem and
the global solution should be found with some reasonable confidence level. A
strategy for approaching this is proposed in [12].

There exist several investigations on optimization based assessment regarding
different applications and usage of different single objective optimization
algorithms, see e.g. [4, 7, 9, 10, 11, 14]. The results clearly demonstrate the high
potential of the optimization-based approach in reliably solving assessment
problems with many simultaneous uncertain parameters and criteria. The reasons for
that are in particular the generality and reliability of the approach without adding

conservatism. These advantages also hold for the multi-criteria approach. Since the
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assessment process normally requires demonstrating system performance for a
whole set of criteria one can expect that the multi-objective approach will reduce
computational effort substantially since only one optimization run is necessary to
get the required results for all criteria under consideration.

Not only worst-case problems can be solved by means of optimization but
also the effect of individual parameter variations on assessment criteria violation can
be examined. For this a norm optimization problem has to be formulated with the
assessment conditions as constraints.

Moreover using the niching concepts introduced for genetic algorithms [5],
regions in the parameter space can be detected where assessment criteria are violated
or the system is of weak performance. These parameter regions may be spread over
the whole admissible parameter range not only concentrated on the region of
convergence to the worst case parameter combination.

In this paper the formulation of assessment and sensitivity problems as
optimization problems will be given in sect. 2. The control law assessment process
based on this optimization tasks is demonstrated by two aerospace applications. In
sect. 3, multi-objective optimization is used to validate eight control law
performance criteria of a nonlinear six degrees of freedom time domain simulation
model of the VEGA launcher [8]. For this application also the effects of the more
than eighty parameters are investigated applying the proposed optimization
approaches. The second application is to find regions of reduced performance in the
flight envelope of a research FCS for a large civil transport aircraft regarding load
limits exceedance (Sect. 4). The development of a fault tolerant FCS including
protections is one of the benchmark problems formulated in the FP7 Project
RECONFIGURE (Reconfiguration of Control in Flight for Integral Global Upset
Recovery) [15].
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2 Formulation of Assessment Problems as Optimization Tasks
2.1 Worst Case Search

Following the approaches in [2, 4, 7, 9, 10, 11, 13] for utilising optimization
methods the assessment problem has to be expressed as a scalar objective function
c( p, d) with optimisation parameters p that are uncertain or varying during operation
(e.g. aerodynamic coefficients, aircraft mass, inertia, speed, height or wind
parameters, etc.) and discrete conditions d (e.g. aircraft configuration, landing gear
settings, etc.). The components of p are assumed to be bounded and continuously
varying over known intervals, defining a hyper-box P. The assessment problem can
now be formulated as a minimization problem. Let Co (d). lower acceptable value of

c then
Cmin (d) = Minyep(c(p, d)) (1)

Is @ measure for the assessment performance. The assessment requirement is fulfilled
for condition d if cmin (d) > co (d), otherwise the criterion is not cleared.

This formulation can immediately be extended to several criteria using the
theory of Pareto optimality [16, 17]. The following optimization problem has now

to be solved
minimize [c;(p)] fori=1,..,m,s.t. ng‘ =p; = ng, j=1, ..n (2)

If ci(p), p € Prareto IS a solution point of the Pareto-optimal set, the worst case

of criterion C;i"¢ is given by the minimum over all p*:
cl'e = Il‘lil‘lp*EpFﬂmm[C;{:p*:}:). (3)

Generally the two most common approaches to solve multiple objective
problems are: (1) combine them into a single objective function and obtain a single
solution such as in the cases of the weighted sum method or maximum utility
functions, or (2) obtain a set of non-dominated Pareto-optimal solutions directly.
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The purpose of this study is to demonstrate the usefulness of approach (2) for worst
case search problems, where only the extreme values of the Pareto-optimal solution
set are of primary interest.

A sophisticated algorithm called NSGA-II based on non-dominated sorting
was published by Deb [1]. The objective of the NSGA algorithm is to improve the
fit of candidate solutions to a Pareto front with respect to a set of objective functions
based on the concept of Pareto-ranking [3] where the fitness of an individual is
measured by the number of individuals which dominate it. An individual (set of
parameters) A is dominated by an individual B if the all criteria values corresponding
to B are less than the criteria values corresponding to A. The Pareto- rank of an
individual is then defined as the number of dominating individuals plus one.

The algorithm itself is an instance of an evolutionary algorithm using
evolutionary operators including selection, genetic crossover, and genetic mutation.
The population is sorted into a hierarchy of sub-populations based on Pareto ranking.
The diversity of the members along a Pareto-front is improved by fitness sharing
concepts.

The computations of the assessment-study of this paper have been performed
by means of DLR’s optimization environment MOPS [6]. The algorithm for
multiobjective optimization implemented there is a combination of a global
exploration mechanism based on non-dominated sorting with a local search
algorithm based on gradient-free pattern search. In such a hybrid approach global
multi-objective search alternates iteratively with short local single-objective
optimization. The following advantages can be expected:

- a deterministic search for each single criterion can provide rapidly good
solutions marking the minimum solutions of each criterion,

- improved minima of the individual objectives widen the range of the Pareto-
front. This normally speeds up the search of elements of the Paretofront between
these points by means of genetic algorithms,

- the minimum value for each criterion is found more precise by means of

local search algorithms. This is especially useful for worst case search.
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Experiences showed that a multi-objective WCS costs about the same amount
on criteria evaluations as a WCS with a single objective only especially when using
the hybrid optimization technique. Hence in case of usually several assessment
criteria multi-objective WCS can help to reduce computational effort since all or at

least some of the assessment criteria can be considered simultaneously in one run.
2.2 Regions of Compliance

The problem of finding regions of compliance is of great interest in aerospace
in order to get information where a flight envelope should be restricted. In practice,
one has to find ranges in the parameter space where system performance is
confidently satisfied is of great interest in aerospace in order to get information
where a flight envelope should be restricted. A general formulation of this problem

at least for simply connected parameter ranges as an optimization problem is:
max[p? — ng.L] , 8.t f‘j(p) = c}[-], forall pE[pL. p”] (4)

A multi-objective optimization problem has to be solved with the length of
parameter intervals as optimization criteria subject to the constraint that the
assessment criteria are satisfied. In general this global optimization problem cannot
be solved with reasonable effort at least for many parameters.

Without loss of generality we can assume that the optimization parameters are
normalized to [—1, 1]. Restricting now the range of compliance problem to search
for centered equal bounded parameter intervals the following practical formulation
of the optimization problem can be made assuming that for p = 0 all assessment

criteria are satisfied:
max(||pll,), s-t- ¢ = (‘f, p3[-11] (5)

Now a single objective optimization has to be solved under the constraint that

the assessment criteria are satisfied.
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Evolutionary computation offers another concept to find regions of
noncompliance, i.e. regions where at least one assessment criterion might be not
satisfied. These regions may be disconnectedly spread over the entire parameter
range. With classical optimization techniques, which normally converge in some
way to the optimal solution, disconnected parameter regions with weak performance
cannot be detected safely. The niching (or crowding distance) concepts developed
for genetic algorithms allow (i) to keep multiple, highly fit, but significantly different
solutions in a generation, and (ii) help to avoid premature convergence to local
minima [5].

When niching is applied, the fitness of an individual is calculated as a properly
scaled ratio of the objective function value and minimal distance to other individuals
in the parameter space. In our optimization environment niching is applied only for

single objective problems.
2.3 Parameter Effects on Criteria

The knowledge of the parameter effectivity on the assessment criteria is of
great interest for the design of robust control laws. The importance of individual
parameters for cases where assessment criteria are violated can be estimated by

means of the following optimization problem:
min([[plly), s.t. ¢ < r_";-], p3[-1,1] (6)

Again it is assumed that for zero parameter values all assessment criteria are
satisfied. Since all components of parameter vector p contribute to the 1-norm, a
minimum can only be achieved when all values of ineffective or less effective
parameters tend to zero. Due to the constraints, the more effective parameters
achieve nonzero values. The minimum must not be unique. At the global minimum

all ineffective parameters are expected to be zero.
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3 Application Control Law Assessment of a Launcher Vehicle

The assessment analysis performed in this study is based on a standard
industrial nonlinear, six degree of freedom simulation model of a launch vehicle
which was also the benchmark model in the ESA project “Robust Flight Control
System Design Verification and Validation Framework” (ESA AO/1-
6322/09/NL/JK). The model describes the VEGA launcher, a new European small
launch vehicle developed under the responsibility of ESA, including non-linear
actuator dynamics, flight mechanics, aerodynamics, wind input, inertia system and
sensors. It is equipped with a full guidance navigation and control system for thrust
vector control (TVC) and roll and attitude control (RACS). For assessment studies
the model is provided as a black-box simulation model allowing no access to
structure and states.

However, the model allows external access to a large number of uncertain
parameters regarding aerodynamics, wind, inertial reference system, thrust
scattering, mass, center of gravity, inertia, thrust offset and misalignment,
atmosphere and separation. In this study the first flight phase with height between
35mand 60km is considered, utilizing 84 uncertainty parameters for assessment. All
parameters are scaled to [-1, 1] for external access.

The assessment criteria considered here represent the traditional requirements
for TVC and RACS during first flight phase. Eight optimization criteria have been
extracted from the compliance matrix regarding lateral control performance and load
requirements during flight as well as separation conditions:

- Load requirements are validated via the product of dynamic pressure and
angle of attack, Q,, depending on Mach (criterion C1);

- Drift of position and speed in y- and z-direction are measured within the
entire altitude range of 35m to 60km (criteria C2, C3, C4, and C5);

- Limits on transversal angular acceleration have to be kept during the whole

flight phase (criterion C6);
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- Transverse angular velocity at separation must be within some limits
(criterion C7);

- Total angle of attack at separation (criterion C8).

All criteria are normalized to their limits or envelop bounds such that a
violation of the requirement occurs when the criteria values are less than minus one.
For a given set of uncertain parameters the first phase of the flight is simulated until
separation. The criteria are then calculated from the various outputs provided by the
high-fidelity simulation model.

The applicability of multi-objective optimization to such a multi-criteria
assessment problem has already been demonstrated in [12]. As a consequence of
these results the control law has been retuned in order to get better performance
especially for loads criteria C1 making the worst case search much more ambitious
even though hybrid optimization techniques have been used now.

Fig. 1 shows the criteria results of one optimization run for the parameter
combinations with Pareto rank 1, i.e. those points which are candidate for the Pareto
front. It shows that all criteria have improved performance compared to the control
law assessed in [12]. However, there are still violations of the assessment bound of
-1 for criteria 1 and 7. Moreover it can be seen that there exist parameter
combinations where both criteria are violated at the same time.

Following the assessment strategy outlined in [12] to assert that the global
worst cases are reached reliably the WCS has been repeated 10 times with different
initial and statistical conditions. Applying 10 runs and assuming a success rate of
0.7 for sufficiently approaching the (global) worst cases by one optimization run a
confidence level of 99% is achieved.

In all runs no WCS could violate criteria C2 to C6 which therefore can be
considered as verified. However, criteria C1, C7 and C8 are violating the assessment
bounds at least slightly (C8) in all runs. For these criteria the assessment
requirements are therefore still not fulfilled.

The hybrid optimization was performed applying a population size of 200

over 100 generations, yielding 20000 simulations and criteria evaluations for global
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search only. The iteratively activated local searches of the hybrid algorithm require
on average almost the same amount on evaluations. Such an optimization run with
approximately 40000 evaluations takes about 4 hours of computation time on a
desktop PC equipped with two Intel® Xeon® Processors X5550 (2.66GHz) when
the parallelization features of MOPS were used utilizing 4 workers.

For the overall assessment problem with 8 criteria and 84 uncertain
parameters a region of non-compliance was looked for by means of the norm
optimization problem formulated by (5). The max-norm optimization results in the
maximum parameter interval around zero, normally the nominal case, inside which
the assessment criteria are not violated for all parameter combinations, provided that
the global minimum was found. Fig. 2 shows the result of an exhaustive optimization
run with about 57.000 evaluations, using the genetic optimization method
implemented in MOPS. The blue bars indicate that parameters are allowed to deviate
up to about 75% from nominal before a violation of any of the assessment criteria
occurs.

Parameter sensitivity was investigated by a follow on optimization run now
minimizing the 1-norm of the uncertainties where the parameter range is restricted
to the maximum magnitude of 0.75 as found before. It is expected that all parameters
which have no or only less effect on the criteria will tend to zero. The result is shown
by the green bars. Several parameters represented by a large blue bar are not
accompanied by green ones; see for example parameters numbered as 19 and 21.
This indicates that these parameters have no or only small effect on criteria
violations. However, since the parameter region is restricted, a deviation of 75%
from nominal is still necessary for more than 30 parameters in order to violate at
least one criterion.

When deviations of the whole parameter range are allowed, the optimization
problem (6) gives an answer to the question which parameters are the most sensitive
ones. An example result of such an optimization is depicted by the brown bars in

Fig. 2. Only 10 parameters show a significant deviation from nominal. Hence
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parameter deviations of those 10 most sensitive parameters will result in violations

of at least one assessment criterion.
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4 Application of the Niching Concepts to Detect Regions of Non-

compliance

For a large commercial aircraft one of the assessment requirements is that
normal load should not exceed 2.5g. This property is validated using a high-fidelity
industrial aircraft simulation model which is augmented by an experimental FCS
including non-linear protection laws to prevent load factor exceedance and to
comply with angle of attack, attitude angle or speed limits. WCS is able to keep with
such a highly non-linear assessment problem without approximations or

simplifications.
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Fig. 3 WCS results indicating points in the normalized flight envelope with
weak performance (x) regarding load factor limits of an experimental FCS applying
an implementation of a genetic algorithm without niching concepts.

The diagrams in Fig. 3 and Fig. 4 show the results of two different WC
searches. Both diagrams depict the points visited during optimization in the
normalized flight domain. Points that violate load factor assessment bounds are
marked with a red cross. About 200 evaluations have been performed for each
optimization run. Fig.3 shows the search result without using niching concepts. The
optimizer converges rapidly to a minimum indicating bad performance in a single
region around the normalized altitude of 0.6 and high speed. In Fig.4 where the

65



results with niching are depicted a second region of weak performance can be
recognized (normalized altitude about 0). However, the minimum found by the run

applying niching concepts is not as small as the one found without niching.
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Fig. 4 WCS results indicating points in the normalized flight envelope with
weak performance (X) regarding load factor limits of an experimental FCS;
application of a genetic algorithm including niching concepts. Two disconnected

regions of noncompliance can be detected.

5 Conclusions

From these observations and results obtained for the benchmark problems,
one can conclude that multi-objective optimization-based approaches can be a
valuable part of assessment analysis procedures. While several criteria can be
examined in one step, the computational effort does not increase compared to single
objective assessment. Furthermore, the detection whether several assessment criteria
can be violated simultaneously can only be made by multi-objective considerations.

The concepts of norm minimization with assessment constraints and the

niching concept can be effectively used to find regions of noncompliance or to
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provide information about regions of safe operation. Moreover, the knowledge of
parameter effects on assessment criteria can give useful advice for designing a FCS.

The direct formulation of assessment criteria from simulation results can lead
to noisy or even discontinuous objective functions with multiple minima which are
difficult to detect. However, genetic search techniques are insensitive to such kind
of disturbed criteria and hence are able to solve the worst case search effectively and
reliably.

Optimization based worst case search seems to be very ‘aggressive' in the
sense that it can take advantage out of any possibly incomplete or incorrect
modelling of the validation criterion. Hence, unsatisfactory criterion values are not
necessarily due to control law weaknesses only. Before identifying a criterion not to
be cleared the preconditions have to be verified carefully such as: validity of
parameter ranges; completeness and correctness of the models involved (aircratft,
controller, criterion); reasonable and realistic maneuvers and according
implementations as simulation tasks. Since worst case search often operates at
extreme flight conditions in the flight envelope, the validity of the aerodynamic
models in those regions is of great importance. Therefore worst case search can not
only be applied for assessment of flight control laws but also for verification of

design and simulation models.
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IHPUJIOKEHME b

IlepeBoa ¢pparmenTa kuuru «Advances in Aerospace Guidance,
Navigation and Control» (Joél Bordeneuve-Guibé, Antoine Drouin, Clément

Ro00s)

Yacts 1

Cucrema HaBeICHUSA M YIIPABJICHUS

AHHOTanus. BceM HM3BECTHO, UTO CEKTOP Majlol aBUALIMM TOKa3bIBA€T
3HAYMUTENIPHO OONBIINN KOA(DPUIIMEHT aBapUHHOCTH, Y€M CEKTOP TPaKIaHCKOM
aBHallMd. DTOMY CIIY»KaT JIBE OCHOBHBIE NMPUYUHBI: BO-TIEPBBIX, MUIOTH MaJOH
aBUAIMM OOBIYHO 00JIAIAIOT 3HAYUTEIIPHO MEHBIITUM YPOBHEM KBanu(UKAIUU, a
TAaK)X€ MEHBIIUM KOJUYECTBOM TOJIETHBIX YacOB, YEM IWJIOTHI TPa)JaHCKUX
aBHUasaifHepoB. TakuM 00pa3oM, UX OTBIT U OCBEIOMJIEHHOCTh 00 OMACHOCTH PE3KO
orpaHuyeHbl. Bo-BTOpBIX, caMOJETHI MajoW aBHAIIMM OOBIYHO HE OCHAIICHBI
IIPOBEPEHHBIMU  BPEMEHEM  BCIIOMOTATEIbHBIMM  CHCTEMaMH  OOEeCIICUeHHUsI
0e301MacHOCTH, TaKUMH KaK aKTUBHAs  DJICKTPOJMCTAHIIMOHHAs  CHCTEMa
yOpaBJICHUSI JIETAaTCJbHBIM ammapaToM, KOTOpas SBJISIETCS TOCJIEAHUM CIOBOM
TEXHUKX B COBPEMEHHOW TPAHCIOPTHOM aBuanuu. lcCmonp30BaHHE AKTUBHOU
CHUCTEMBI 3JIEKTPOJAUCTAHIIMOHHOTO YIIPABJICHHUS MOMOTaeT MUJIOTY, oOecreunBas
OTIUYHBIC XApPaKTEPUCTUKH TIONETA W YOPABISIEMOCTH U, TaKuM o00pa3om,
COKpamiaeT paldodyl0 HArpy3ky MWIOTa, MPsIMO TMPOU3BOAS HEOOXOIUMOE
OTKJIOHEHHWE pblYara yrpaBJICHUS Ha OCHOBAHWU KOMAaHJ MUJIOTa U COOCTBEHHBIX
n3MepeHuit mon€tHoi cpenpl. K coxxanenuto, 3Ta cucteMa He OblIa peain30BaHa B
MaJIOW aBUALIUH B CHITY HEBEPOSITHO BBICOKOM CTOMMOCTH CTaHJIAPTHOU TEXHOJIOTUH
ANEKTPOAUCTAHIIMOHHOTO yrpaBieHus. [lpomonmxenue paOOThl HaJ MNPOEKTOM
“bynymee Manoit Apuauun” B HWHCTUTYTE pa3BUTHSl JIETATEIbHBIX CHCTEM
MIOHXEHCKOT0 TEXHUYECKOT0 YHUBEPCUTETA BKIIIOYAET B c€0sl pa3BUTHE aKTUBHOM

CUCTCMbI OJJICKTPOAUCTAHIIMOHHOI'O YIIPABJICHUAI, OCHOBHOM OcabrO KOTOpOﬁ
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ABJIAETCS 00€CIEUEHUE OTIMYHBIX XapaKTEPUCTUK MONETA U YHNPABISIEMOCTH IS
JOCTVIKEHUSI MAaKCHUMaJIbHO BO3MOXKHOI'O CONEUCTBHS NMWIOTAM MaJIOM aBHALUU.
JloKa3aTeabCTBO YCTOMYUBOCTH OCOOEHHO BaXKHO U1l CAMOJIETOB MaJION aBHAIlMH,
TaK KaK Ha CErOJHSLIHUMN I€Hb, U3-32 HEOOXOIUMOCTH OoJiee ACIEBOM TPOrpPaMMBbI

MOJCIUPOBAHHA, MMECT MCCTO CYIICCTBCHHAA HCOMMPCACICHHOCTb IIapaMETPOB.

1 BBenenne

[Ipu cpaBHEeHUN aBapUUHOW CTATUCTUKU T'PaXJAHCKOW aBUAIIMU U aBUALIMU
o0111er0 TOJIb30BaHMS (PEMCOBBIX aBUATAWHEPOB) CTAHOBUTCS OYEBUJIHBIM, UYTO
CEKTOp TPaXKJAHCKOW aBHWAIIMU JEMOHCTPUpPYET 0oJiee BBICOKMM KOd(PUIIHEHT
aBapuiinoctu (ITpwi. 1). DToT dakT HEe HOB, U, XOTS MPUYMHBI MHOTOUYHCIICHHBI,
MOXHO BBIJICJIUTh U3 HUX JIBE OCHOBHBIE. BO-TIEpBBIX, MUIOTHI TPaAKIAHCKOU
aBUAIMM B OOJIBIIMHCTBE CITy4aeB 00JIa/Iat0T JIUIIb YaCTHOW JICTHOM JIUIIEH3UEH, a
CJIEJIOBATEJIbHO Yachl MOJIETOB M, COOTBETCTBEHHO, OINBIT y HUX 3HAYUTEIBHO
MEHBIIIE, YEM Y TTUIIOTOB PEMCOBBIX aBUAJIAHEPOB, BJIAICIOIINUX JIMIIEH3UEH T -JIOTa
aBUAIMHUK. BO-BTOpBIX, COBpPEMEHHBIE TPAHCIOPTHBIE CaMOJIETHI O00Jagal0T
3aMeTHO 0o0Jjiee BBICOKMMHU TEXHUYECKHUMHU CTaHJapTaMH, BKIIOUYAIOIIUMU B CeOs
pa3IMYHBIE TOJIE3HBIE CHUCTEMbI IOMOIINM MHUJIOTY, HAIEJICHHBbIE Ha OKa3aHHE
COACUCTBUSA MPU YNPABICHUHN U 3HAYUTEIBHOE COKpAILEHUE TPYAOBON HArpy3KH.

Cawmpbie BaxHbIC ¥ 3()(PEKTHBHBIC BCTIOMOTaTEJIbHBIE CUCTEMBI, H3BECTHBIC KaK
BJIEKTPOAUCTAHIIMOHHBIE AKTUBHBIE CUCTEMBI YIIPABJICHUS MOJETOM, YCTAHOBJIECHBI
psIMO B TIAHEJIb YIPABJICHUS BO3AYIIHBIM CYJIHOM, M OOECIICUYHUBAIOT, ITOMHUMO
3HAYUTEIBHOIO YIYUIICHHUS XapaKTEPUCTHUK MOJIETa U YIPABJISIEMOCTH, IIUPOKHUI
CIeKTp (YHKIIMOHAIBHBIX BO3MOXKHOCTEH, BKJIIOYas MOHUTOPHHI OTKJIOHCHUS
MNWJIOTOM pblUara yIpaBJiCHUs, CPEACTBA OIMOBEIICHUS W OTPAHWYCHUS, a TAKKE
pacimMpeHHbie cpeAcTBa 3amuThl. ClienoBaTeIbHO, OHU OCHOBATEIBLHO MOBBIIIAIOT
ypoBeHb KOM(pOpTa U OE30MaCHOCTH MAaCCAXUPOB, IKUIAKa U BCEr0 BO3AYIITHOTO
cyaHa, oOecreunBas KOHEYHOM IENIbI0 TakK Ha3bplBaeMoe “‘0e30macHoe

MWJIOTUPOBAHUE .
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DTO 3HAYUTENLHOE MOBBIIIEHUE YPOBHS O€30MaCHOCTH, CTaBIIee CTaHIapTOM
B COBPEMEHHBIX TPAHCIOPTHBIX caMoOJE€Tax M camoJjiéTax Ou3Hec-Kiacca, K
CO’KaJICHUIO, HE ObUIO PEeaM30BaHO B I'PAaKJAHCKOM aBUAllMU B CUILY KOJIOCCAIbHOM
CTOMMOCTH CTAHAAPTHOM TEXHOJIOTUM BJIECKTPOJMCTAHIIMOHHOTO YIPaBIICHUS
MOJIETOM, TPEOYIOIIEH CJIOKHOUW CHUCTEMBI 3amaca U Pe3epBUPOBAHUS MOIIHOCTH,
JUTSL TPOXOKICHUS KECTKUX CEPTUPUKAITMOHHBIX TpeOoBaHui U ycimoBuil. OaHaKo,
9TOOBI JIOOUTHCS COOTBETCTBYIOIIETO TIIOBBIIICHHUS YPOBHS O€30MaCHOCTU B
camolieTax OOIIEro MoJjb30BaHUS M, TaKUM OOpa3oM, CHU3HUTh KOI(P(UIIUEHT
aBapUUHOCTU U 3aIIUTUTh KXU3HU JIIOJEH, XOPOIIO 3apeKOMEHOBABIINE CeO0s
BCIIOMOT'aTEIbHBIE CUCTEMbI AKTUBHOT'O YIIPABJIEHUS MOJIETOM OECCIOPHO JTOTKHBI
CTaTh JOCTYMHBIMH, a TJIABHOE MOABEMHBIMU ¢ (PMHAHCOBOW TOYKH 3PEHUS IJIsI
ATOrO KJjacca JIETaTeJIbHBIX allapaToB. JTO YaCTUYHO AaKTyaJbHO B KOHTEKCTE
0XKMJAEMOr0 3HAYUTEIBHOTO YBEJIMYECHUS KOJIUYECTBA W TOJETOB CaMOJIETOB
IPaXKIaHCKON aBHAIlMH, YTO B IPOTHUBHOM CIlIydae HEMPEMEHHO MOBJICYET 3a COOOM
yBEJIMUEHHUE KOJUYECTBA aBaPUMHBIX CIIy4aeB U JKEPTB, @ 3TO OECCIOPHO JIOJKHO
ObITh TIpenoTBpanieHo. [loaTomy moaxoxsmias, a TJIABHOE IOCTYIHAs IO ICHE
CIEHHUATIBHO MPUCTIOCOOJICHHAS TE€XHOJIOTUS ANEKTPO-AUCTAHIIMOHHOTO
yIpaBJI€HUs TIOJIETOM JIOJKHA OBITh MPOJIyMaHa WA pa3BUTa, U, COOTBETCTBEHHO,
JOJKHA CTaTh HEMEIJIEHHO JocTynHoil. Hampumep, mociegHue TEXHHUYECKUE
JTOCTW)KEHUSI U TPEHIbl B 00JaCTH (MUHHUATIOPHBIX, d(O(PEKTUBHBIX U HA/ICKHBIX)
PYJIEBBIX arperaToB, 1aT4uKoB 1 OBM ynpaBieHus MOIETOM AENAI0T BO3MOKHBIM
co3aHue 0oyiee SKOHOMHYHBIX AKTUBHBIX CHUCTEM IOMOUIM B YHPABICHUU IJIS
peanu3anuu B Oy1ylIux NOKOJIEHUSIX CAMOJIETOB IPaXK/IaHCKON aBHAIUU.

Cy1liecTBeHHBIM BKJIaJ0M B 3TOM HalpaBJiCHUU SIBISETCS 3ajada, CTOsIIas
nepes amMOMIMO3HOW TEXHUYECKO-HUCCIIEIOBATENbCKON mporpamMmon “Mainas
Asmuarus byaymiero” aBctpuiickoro nmpousBoauTens camoiietoB Diamond Aircraft
Industries B coTpymaudecTBe ¢ WHCTUTYTOM pa3BUTHS JIETATEIBHBIX CHCTEM
MIOHXEHCKOr0  TEXHUYECKOTrO  yHUBeEpcuTeTra. B paMkax  COBMECTHOU
MEXKIYHAPOIHOU UCCIIEI0OBATENBCKOM MPOrPaMMBbI, TOCBSIIIEHHOW IPAAYILIEN MaJION

aBHaIMU OyAyIIero, JJs JAHAMUKH TPOJOJBbHOTO JABWKCHHUS B MEPBYIO OYEpe/b
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ObLI1a MpeaIoKeHa KOHUENIUsI KOMOMHUPOBAHHOTO YIIPaBJiI€HUs, KOTOPasi CEroHs
pacliMpeHa Hu3-3a Pa3BUTHUA COOTBETCTBYIOLIEH CHUCTEMBbI KOHTPOJS OOKOBOTO
nosiéra. M XxoTsa cxema anropuTMma ymnpaBlieHHs MpeJHa3HaueHa I o0ecreyeHus
OJIHOTUITHOM BBICOKOKJIACCHOM YTPABISIEMOCTH U MUJIOTAKHBIX XapaKTEPUCTHK U,
TaKUM 00pa3oM, BBICOKOI(P(EKTUBHOTO COAEUCTBUS MUIIOTY, APYrOod OCHOBHOM
LEJbI0 ABJISIETCS pa3paboTKa ClelUaIbHBIX MPOLECCOB, TPEOOBAHUIM/pEIIEHUH IS
MHCTPYMEHTOB M  0O0OpYIOBaHMS, MOAJEPKHUBAIOIIUX CXEMY alrOPUTMOB
yIpaBJEHUs, TOJIHOCTbIO MPHUCIOCOOJICHHBIX TI0JI KOHKPETHbIE TpeOOBaHMS
POU3BOJIUTENIEH CaMOJIETOB MaJIOr0 M CPETHEr0 pa3Mepa.

B utore, ycTaHOBIIEHHBIHN MPOLIECC Pa3BUTHSI 3aKIIOYAET B ce0e CIeayIoIIe
OCHOBHBIE TOJIOKEHHUS:

— pa3paboTKa YHHBEpPCAJIbHOM CHUCTEMBl YINpaBICHUS IS JUHAMUKH
MOTIEPEYHOT0 JIBM)KCHUS, TOIXOJANICH KO BCEM H3BECTHBIM KOH(PUTYpaIUsIM
JeTaTeIbHBIX allapaToB (JIeTaTelbHbIE amnmapaThl C HEMOJBWKHBIM KPBUIOM H
XBOCTOBBIM ONEPEHHEM), HE3aBUCUMO OT TOTO, OYIyT JM B HUX peaJru30BaHbI
BCEpPEXKUMHAsT  DJIGKTPOAUCTAHIIMOHHAST  WJIM  KOMOWHHUPOBAaHHAs  CHCTEMBI
yrnpasiienus JIA,

— BHEJIPEHUE COOTBETCTBYIOIIMX M MOAXOAAIINUX MOJIOKEHUHN 10 pa3padboTke
CPEACTB YCUJICHHUS YIPABJIEHUsA, COrjlacHO JTajnoHHol Moaenu Ilpsamoro 3ananus
Co6ctBenHOM CTPYKTYphl, MPUMEHSIEMON HEMOCPENCTBEHHO K YHHBEPCAJIbHBIM
CTPYKTYpaMm OpraHOB yNPAaBIICHUS, MPECTABICHHBIM PaHEe C LEIbIO OMpeaeTeHus
nokasarenei/Kod(pPUIMeHTOB yCUIeH!s 10 JUana3oHy padoThl BIICYKa3aHHBIX,

— paszpaboTka CpEACTB aHajdu3a OpraHOB YNPaBIEHUS IS OICHKHU
HaJIE)KHOCTH, OCHOBAHHBIX Ha JI€TaJbHBIX MHOTOACIEKTHBIX OMUCAHUSX U OLICHKE
HEONPEIEICHHOCTU apamMeTpoB MOJIENH, IIOCPECTBOM HEPEIOBBIX
CTPYKTYPUPOBAHHBIX CHUHTYJSIPHBIX  BBIYMCICHUH, C 1EIbl0 00EeCHeYuTh
(¢puHAHCOBO AOCTYIHBIN) CTPOTHI CepTUDHUKAIMOHHBIA TIpolecc (4TO SBISETCS
OCHOBHBIM OPUEHTHUPOM 3TOW HaYyYHOUH pabOThI).

Ocy1iecTBIeHUE KOHTPOJISA, YTBEPKACHUSI U TECTUPOBAHUS HA BCEX dTamax

Pa3BUTHUA 6y,Z[CT BBIIIOJHATBHCA IIYTCM BHCAPCHUA COBHaHHOﬁ HOHCpC‘-IHOﬁ CHCTCMBI
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yIpaBJeHUs B COBPEMEHHBIN CUMYJISITOp camolieTa rpaxaaHckon apuanuu(D-SIM-
42) U, B KOHEYHOM CYETe, IOJIETOM Ha CHEIUaIbHO CKOHCTPYHPOBAHHOM
JKCcIepUMeHTaIbHOM JieTaTenibHOM anmnapate "Fliegender Erprobungstriager" c
AKTUBHOW  DJIEKTPOJMCTAHIIMOHHOM  CHUCTEMOM  YIIPABJICHUS,  SABJISIOLIMUMCS
UCCJIEeI0OBATEIbCKUM  BO3AYIIHBIM cyAHOM Ha ©Oa3ze DA-42 NG MPP,
CIIPOCKTUPOBAHHBIM, pa3pabOTaHHBIM U MOAUGUIMPOBAHHBIM B HWHCTUTYTE

Pa3sBUTHUA JICTATCIbHBIX CUCTEM MIOHXEHCKOT'O TEXHUYECKOI' O YHUBCPCUTCTA.

2 Pa3pa0oTka, KOMIIOHOBKA M CO3/aHHE YCJOBUIl TeCTHPOBAHUSI NMPH

NMOMOIH (HA OCHOBAHMH) MOJAEJTUPOBAHUSA JHMHAMUYECKHUX (PAKTOPOB MOJIETA

Camounetsl MaJjoro pa3zmepa, OCHAIIICHHBIE AKTUBHOMU
ANEKTPOJAUCTAHIIMOHHON CHUCTEMOM YINpaBJICHUS, TMPEJCTABISIOT COOOW HOBBIN
KJIACC CaMOJIETOB Tpa)KJaHCKOW aBuanuu. [Ipu onNTUMHU3AIMU MOJOKUTEIBHBIX
KA4eCTB IaHHOM CUCTEMBbI HEKOTOPbIE IPOEKTHBIE ITAPAMETPBI OCHOBHBIX BAPUAHTOB
KOMITOHOBKM BO3AYIIHOTO CyJaHA (KO()PUIIUMEHT COOCTBEHHON YCTOWYMBOCTH H
XapaKTePUCTUKH AeMII(UPOBAHUS 110 YMOJIYAHUIO) MOTYT OBITh PACCMOTPEHBI MO/
JIPYTMM YTIJIOM M, TaKUM 00pa3oM, KOHCTPYKIUS JIETaTEeJbHOIo ammaparta Oyaer
OTJIMYATHCA OT TPAJAULMOHHOM.

Tem He MeHee, mepen pa3paOOTKOM COBEPIIEHHO HOBOW KOH(UTypaluu
JIETaTeJIbHOT O arrapara Ha 6aze VHHOBALlMOHHOU CHUCTEMBI
ANEKTPOAUCTAHIIMOHHOTO YTPABICHUS 3Ta CUCTEMa JOJDKHA OBbITh BBEJCHA B
AKCIUTYaTalNIio, MPOJASCMOHCTPUPOBAHA U MPOTECTUPOBaHA HA 0a3ze MOIXOISIIETO
AKCIIEPMMEHTAJIBHOTO JIETATEJIBHOTO arnmnapara.

Jnsa stux nenedt MHCTUTYT pa3sBUTHS JIETATENBHBIX CHCTEM pacloJIaraet
MOJIHO(Q YHKIIMOHATBFHOW CPEIOM TMOCTPOCHUS M COOPKH CHCTEM YIPaBIICHHS
MOJIETOM

— TpeHupoBOUHbIN anmnapaT DA-42 (TpeHupoBouHbIM cumynstop DA-42) c

UPOKUM  (DYHKIIMOHAJIOM [IJIi WHCLUEHUPOBKHM HEUCIPABHOCTEH MHOXKECTBA
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OOpPTOBBIX CHCTEM C LEJIbI0O NPOECKTUPOBAHUS U YTBEPKIAEHUS aJIrOPUTMOB
YIpaBJEHUs, a TAKXKE TECTUPOBAHMUS MWJIOTA HAa BBINOJIHEHUE e Hecteposa,

— CTEHJ JUISl UCTIBITAHUM KOHCTPYKIIMU U CUCTEM YIPABJIEHUS JIETATEIBHOTO
annapara Ha 0aze DA-42 nns TecTUpPOBAHUS U YTBEPKACHUS OTIAEIbHBIX Y3JIOB
KOHCTPYKIIMHM, KOMIUIEKCHBIX HWCIBITAHUN HKCIEPUMEHTAIBHBIX annaparoB u
O0pTOBOTO 000pYAOBaHUS IMyTeM HHCIEHUPOBKU TeTiu HectepoBa B pamkax
Ha3eMHOM OTpabOTKM MOJIETA,

— U, B YaCTHOCTH, SKCIIEPUMEHTAJIbHBIN JeTaTenbHbIi annapat Diamond DA -
42 MPP NG (MmuorodpynkuuonansHas Ilnarpopma Hooro Ilokonenus),
CO3JAHHBIM CHEUHATBbHO I HWHCIEHUPOBKU TMOJIETA C OSKCIEPUMEHTAIBHOU

ANEKTPOAUCTAHIIMOHHONW CUCTEMOM yrpaBlieHHs MoJaEToM, cM. Puc. 1.

Puc.1: DOxcnepumentanbubii  JIA (DA-42MPP NG) co BcTpoeHHOM
ANEKTPOAUCTAHIIMOHHON CUCTEMOM YIIpaBIEHUS MOJIETOM

IIpu TakoM HENpPEepHIBHOM PAa3BUTHHM U TEKYIIUX pE3yJbTaTaX KOMIIOHOBKHU
cucteM nojapaszymeBaercs, 4to camoniér Diamond DA-42 Oyaer mpuMeHSTbHCA B
METO/I0JIOTUH MPOEKTUPOBAHUS CUCTEM YIIPABJICHUS KaK dTANIOHHAs KOH(UTypalus
JUIS1 UCTIOJIB30BAaHUS U JeMOoHcTpauuu. Ha npumepe 3Toro Tuna BO3AyUIHOTO CyAHA
TEXHUYECKUE  BO3MOXKHOCTH, TNPEUMYIIECTBA M  HAAECKHOCTh  AKTHBHOMU
ANEKTPOJAUCTAHIIMOHHON CHUCTEMbl YIOPABICHUS IOJETOM [JIsl  JIETaTeJIbHBIX
anmapaTtoB TPaXJIaHCKOW aBUanuu OyAyT MpOaHATM3WPOBAHBI, BHIBEPEHHI U, B
KOHIIE KOHIIOB, UCIIBITAHbI B YCIOBUSX PEATBHOTO MOJIETA.

OTHOCHUTENTFHO KOMIIOHOBKM CXeM H pPa3pabOTKH CHUCTEM YIIpaBICHUS
OTPOMHYIO POJIb HUTPACT MOJIXOISIINK, MHOTO(QYHKIIMOHAIBHBIA aBUAITMOHHBIN
CUMYJISITOP JUTsl TECTUPOBAaHMS (PYHKITMOHAIBHBIX BO3MOXHOCTEH. [Ipenmaraemoe

YCTPOUCTBO HazeMHOW oTpaboTku monéra D-SIM-42 o6opynoBaHO MOTMHHON
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kaOuHoM nmiiota Garmin ¢ NOJHOCTHIO AKpaHHOU nHAMKanuen cepun G1000, kak ¢
OCHOBHBIM, TaK U C MHOTO(YHKIIMOHAJIbHBIM MUJIOTAXKHBIM JHUCIUIEEM, C LEIbIO
JOCTUYh MAKCUMaJIbHO PEaMCTUYHBIX YCJIOBHM MpeObIBaHUS B KaOMHE MUIIOTA.
Takum o6pazom, cumynarop DA-42 mnpexacrasisger co0oil  CcOBEpILIEHHOE
YCTPOUCTBO ISl PYHKIIMOHATBLHOTO TECTUPOBAHUS CUCTEMBI "NETUUK - CAMOJET" B
yCJIOBUSX peanbHOro mupa. K coxkanenuro, mojaenb quHamuku nonéra D-SIM-42,
Kak 1 00pa0oTKa BCeX BHYTPEHHHUX CHUTHAJIOB SIBIAIOTCA ‘‘“dEPHBIMH SIIUKAMU
MOJIHOCThIO W30JUPOBAHHBIMU OT BHEIIHETO BO3JACHCTBUS. ITO SBISETCS
HEOJaroNpUATHBIM OOCTOSITENILCTBOM  JJISl  UCIOJB30BAaHUS CUMYJISITOpa Kak
mw1aThopMbl I TIPOCKTUPOBAHUS U BBEACHUS B OKCIUIyaTallUi0, a 3HAYUT H
pa3pabOTKH aKTUBHOM JIEKTPOIUCTAHIIMOHHON CUCTEMBI YIIPABICHUS MOJIETOM.

ITo »Toit mpuumHe ObuTa pazpaboTaHa He3aBUCHUMAS, TTOTHO( YHKIIMOHAIbHAS
Y HEJIMHEWHAs MOJeJIb IECTUCTENIEHHOU cucteMbl roaBuxHocTh FSD DA-42/FSA
6 DOF, co3nannas Ha 6ase rpaduueckoii cpensi MATLAB / Simulink. Oco6oe
BHUMaHUE OBLJIO YENEHO BBICOKOTOYHOMY (HHU3MUECKOMY MOJEIUPOBAHUIO H
TOYHOMY BOCHPOU3BEJICHHUIO JUHAMUKH TOJIeTa aBUAIIMOHHOTO TpeHaxképa D-SIM-
42.

YrBepkacHue wmoaenu auHamuka moinéra FSD DA-42/FSA 6 DOF
OCYLIECTBIISIOCHh MYTEM CUCTEMATUUYECKUX UMUTALIMOHHBIX TECTOBBIX MOJETOB HA
6aze ycrpoiictBa D-SIM-42, moaTBepauBIIMX OTIUYHOE COOTBETCTBHE MOJICIH C

BBILICYKa3aHHBIM YCTPONCTBOM.

3 MeToaoJi0orusi CO31aHUSI CHCTEM YIPaBJIeHUs] 00KOBBIM MOJIETOM

3.1 3agauu, TpeGoOBaHNS U BLIOPAHHASI KOHUENIMS NMPOEKTA

OcHOBHOW 3a/auyeldl KOHEYHOTO aBTOMAaTa KOHCTPYKIMHU YCTPOMCTBA
yOpaBIeHUS  OOKOBBIM  TMOJETOM  SIBIACTCA  OOECTIEeUeHHe  OJHOPOIHBIX
XapaKTEPUCTHUK MONETA U YIPABISIEMOCTH HAPSAY ¢ OOLIKUM AUANIA30HOM PEKHUMOB

noyi€Ta C UEJIbI0 3HAYUTENIBHO COKPATUTh padouyr0 HArpy3Ky MUJIOTa BO BpeMsi
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PYYHOrO yHpaBjieHUs JieTaTelbHbIM anmnapatoM. COMyTCTBYIOUIUMHU IIEJISIMU
ABJIAIOTCSL TOBBIIIEHUWE O€30MaCHOCTH MAaCCAKUPOB U JKUMAXKa, a TaKkKe
SKOHOMUYHOCTH JIETATEIBLHOIO anmnapara (pacxo/1 TOIJIMBA).

JI1st TOCTHKEHUS 3TUX 1IeJIeld HEOOX0IUMO YIYUIIUTh U CTaHIapTU3UPOBATh
napamMeTphbl CTAOMIILHOCTH M XapaKTEPUCTHKHU YIPABICHUS MTyTEM UX HHTYUTHBHOM
Y 3aKOHOMEPHOW MOJTOHKHU MOJ 00JacTh pabounx PeKUMOB YCTPOUCTBA, a TaKKe
no0uTbes 3PGEKTUBHOTO COMPOTUBICHUS BO3AYIIHBIM Harpy3kam. Brno6aBok,
MOCJICICTBUSL U3MEHEHUN KOH(UTYypaIluy CUCTeMBbI (OTKa3 OJIHOTO U3 JBUTATEJIEH,
HanpuMep) JAOKHBI ObITh KOMIIEHCHPOBAHBL, a TMOCHEAYIOIIEe COKpalleHHe
paboueil Harpy3ku NWIOTa JOCTUTHYTO IIyT€M YacCTUYHOM aBTOMaTH3aIluU
BCIIOMOTATEIbHBIX OPTaHOB YIIPABJICHUS, TAKUX KaK HHTEPIICTITOPBI, 3aKPBLIKHA WU
pydKa yIpaBJICHHUS JBUTATEIICM.

Takum o0Opa3oMm, KOHLENIHUA TPOEKTa MOXET ObITh 00O03HaUeHA U
YCTaHOBJICHA CIEAYIOIIUMHU MPUOPUTETHBIMU MPOEKTHHIMU 3a]]a4aMU

— Mou(UKaIUS XapaKTEPUCTUK YCTOMYMBOCTH JIETATENILHOTO alllapara:

1) OCHOBHBIC XapaKTCPUCTUKH YCTOMYUBOCTH, a 3HAYUT M KAueCTBO
OWIoTaka MOTYT OBITh Tpeo0pa3oBaHbl MYTEM YCTAaHOBKH ONTHMAIBHOTO
nemnupoBaHusi, COOCTBEHHOM  4YacTOThl WM  TOCTOSHHOW  BPEMEHH,
COOTBETCTBEHHO, JJI KOXKIOTO OT/IEILHOTO BEKTOpa 60KoBOro nojiéra. bonee Toro,
JOJDKHBI  OBITh TIpUMEHEHbl 3¢ @deKkTHBHAS KOMIICHCAIlUS KpeHa W IIyTeBas
YCTOUYHUBOCTD;

— yAy4IlIeHUuE Ka4yeCTB yIPaBIIEMOCTHU:

1) Ka4ecTBO KOMaHJHOI'O  CHTHajJa/CTaOMIM3allMM  yIJIa  TaHraxa
OTHOCHUTEIHHO KaHalla KpeHa B TPOTUBOIOJIOKHOCTH YIPABIISIONIEMY BO3EHCTBUIO
yria OOKOBOTO CKOJIBKEHUS WM XapaKTePUCTHUKAM HYJIEBOW TMOIMEPEYHOM
neperpy3Kku (OCH PHICKAHUS): MOJATOTOBKA K BO3JICHCTBUIO CMEHBI BEKTOPA CKOPOCTH
U yria OOKOBOTO CKOJBKEHHWS, KaK IMOKAa3bIBAET MPAKTHKA, OCYIIECTBISICTCS
MUJIOTOM WHTYWTHBHO W 3apaHee B CHIy CTaOWIM3alldd yria TaHraxa W
OCOOCHHOCTEW HYyJIeBOM momepedyHoi mneperpy3ku (ny=0) mpu yciaoBuu, eciu

BBIIIYIICHBI 3aKPBLIKH,
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2) yBEeIWYEHUE TMyTH MpsMoOro mpoxoxiaeHus: [lpu  BHenpeHuH
B3aMMOCBA3aHHBIX JIMHUKA NOPSIMOW LENU Ui KaXIO0H OCH KpPEHAa U PBICKaHUs,
YyBCTBUTEJIBHOCTh CHCTEMbl YIPABICHUS JIE€TATEJIbHBIM amnmapaTtoM OyAeT
ylydllleHa Onarogaps HCKIIOYEHHUIO MOJI0ca OOpaTHOrO OTBETa MHTErpaTopa U3
COOTBETCTBYIOLEIO TMepedHs (QYHKUUNA TMepefaauyd KOMaHJ Uil JOCTHKEHHUS
OBICTPOH peakiuK OOIIEro YIPaBISIONIET0 YCTPOUCTBA;

— ocnabjieHne NepeKPECTHBIX CBA3EH BXOAHBIX KOMAHIHBIX CUTHAJIOB
(BBeeHUE pa3AebHBIX OPraHOB YIIPABJICHUS BCIIOMOTaTEIbHBIMU MEXaHU3MaMu):

1) 4uroObl BPYYHYH) HWHHIIMMPOBATH KPEH BEKTOpA CKOPOCTH, MHUIIOTY
HEO0OXOIMMO NMPUMEHUTHh KOOPJAUHUPOBAHHO—OTKIOHEHHBIN AJIEPOH U KOMaHy Ha
pyJb yIpaBieHusi, Ju00 HA00OpOT, [UIsl IJJAHOMEPHOTO YBEIUYECHHUS yrIia
CKOJIbKEHHMSI MOJKET JOTMOJHUTENIbHO TMOTPeOOBAThCS OTKIOHUTH DJIEPOHBI,
UCIIONIB3YSl  MeAanb  yOPaBIEHUS pyJaEéM. OTa  B3aMMOCBSA3b  MAaHEBPOB,
IpearoIararoas YCTpaHEHUE NEPEKPECTHBIX CBA3EH MEXKIY
JKCIEPUMEHTAIBHBIMU OCSIMU KpEHa M PBICKAHUsA, JOJDKHA aBTOMATUYECKHU
UCIIOJIHATBCA TaK Ha3bIBAEMBIMU OpPraHaMH YIPaBICHHS BCIIOMOIaTeJIbHBIMU
yctpoiicTBaMu. COOTBETCTBEHHOE YCTPAHEHME CBS3€H MEXAY OCSIMH YIPABIICHHUS
HE TOJIBKO YJ00HO Ul MUJIOTA, HO U JIeJaeT CTPYKTYpy OpraHOB yIipaBieHus OoJee

WHTYUTUBHOW U TTOHSITHOM.

3.2 KoHcTpykuusi ynpapJjsiloniero ycTpoiicTpa

Kakx yxe roBopwiock B mpensinymeMm mnaparpade, paspabaTbiBaemMoe
YIIPABISIIOLIEE YCTPOMCTBO JOJKHO COOTBETCTBOBATH HECKOJIBKUM TEXHUUYECKUM
3amiayaM. BpImonHeHre crenuaabHBIX 3a/lad MPOCKTHPOBAHUSA, TaKHUM 00pa3oM,
CBSI3aHO C PA3JINYHBIMU OTBETBJIIEHUSAMU B CTPYKTYPE YIPABISAIOIIETO YCTPOMUCTBA.

Kak npaBuno, ymnpasisioniee yCTPONCTBO BKIIOYAET B Ce0Sl yCTPOMCTBO
TCHEPUPOBAHUSI KOMAHIHBIX CHUTHAJIOB, OOECIEYMBAIONIEE TMOJady CHTHAJIOB
YIJIOBOM CKOPOCTH KPEHA U YTIJIa CKOJIBbKEHUS, PETYISATOP OCY KPEHA U PHICKAHHUS B

1erny 0OpaTHOM CBSI3M, OCHOBAaHHBIM HAa PACUETHBIX KOMaHaX U CUTHAJIaX TaTYMKOB
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oOpaTHOW CBSI3M, TEHEPUPYIOLIMX TOKAa3aTead OOIIero BXOIAUIEr0 IOTOKA
OTHOCHUTEJIBHO TpeOyeMoil MPUEMUCTOCTH KpeHa U PhICKaHUsl (HOpMaIN30BaAHHBIM
YIOPABJIAIOMINI MOMEHT OTHOCUTENBHO SKCIEPUMEHTAJbHBIX OCEl), a TaK)Ke OpraH
pacripeniesieHus, TmpeoOpasyromuil  0000ImEHHBIE BXOJHBIE TapaMeTphl B
SKBUBAJICHTHBIE I OpraHa YOpPaBICHUS pyJEM/3JEPOHOM KOMaHAbl Ha
OTKJIOHEHHUE.

BeTBp reHepupoBaHHs KOMAaHJHBIX CUTHAJIOB MOJEIHPYET, TUMUTUPYET U
oOpabaTbiBaeT BO3JEHCTBUA MUJIOTA HA PYJIb U MEJalb C UEIbI0 U3BJICYL/OTKPHIThH
MHTYUTUBHBIEC XapaKTEPUCTHUKHU BbIIECYKAa3aHHbIX. KaKJIbIi PETYIATOP OCU KpEHA U
pPBICKaHUSI B OCHOBHOM IIPEJCTABIIAET COOOM KIACCUYECKYIO MPOMOPLIUOHAIBHO-
UHTETPAIbHYIO CXeMy, KOMOMHHPOBAHHYIO MPU MOMOIIM JIMHUHM TPSIMOM CBS3H.
COOTBETCTBEHHO, OTHOCUTEIIbHOE M TOJHOE TallleHue KoJieOaHUuW, Kak U
cOoOCTBEHHAasi 4acToTa “TOJUIAHACKOr0” KpeHa, MOCTOSHHbIE BPEMEHU KpeHa H
CIIMpaIN CKOPPEKTUPOBAHBI B COOTBETCTBUHU C ONTHUMAJIbHBIM YPOBHEM MOJIETHBIX
XapaKTEPUCTUK HOMEP 1, YTO MO3BOJWIIO YCTPAHUTh MEPEKPECTHBIE CBS3U MEKIY
IBWKEHHEM KpEHa M pbICKaHUS (IIPUMEHUTENBHO K SKCIHEPUMEHTAJIbHOMY
JeTaTeIbHOMY afmapary, T.e. BEKTOpP CKOPOCTH KpEHa/J4MCThle MOKa3aTelu yria
OOKOBOT'0 CKOJTBKEHHUS! ). JIMHUM MTPSIMOI CBSI3U UCTIOJIB3YIOTCS € IENbI0 00ECTICUUTh
OBICTPYIO PpEaKIUI0 MO KPEeHYy U YNy CKOJkkeHus. OpraH pacrpeaelieHus
o0ecreuynBaeT CKOOPAUHUPOBAHHOE OTKJIIOHEHUE PYJIsl HAIPABIEHUS U 3JIEPOHOB HA
OCHOBAaHMM BBIXOAHBIX JAHHBIX pEryJIsATOpa OCH KpE€Ha U pBICKaHUSA JJIs
pa3feNbHOr0 XapakTtepa paOOThl CHUCTEMBl YIPABICHUS SKCIEPUMEHTAIbHBIM
JIETaTEIbHBIM aIlllapaToM.

Jis obecniedueHuss 4E€TKOro (yHKIMOHANA YIPABIAIOIIETO YCTPOUCTBA,
BBICOKO- M HHU3KOYACTOTHBbIE M3MEPEHMs JOJKHBI ObITh MPOU3BENEHBI, KaK 3TO
yKa3aHO B Ta0iuie Hike (I71€ BEpXHHE IMEPEMEHHbIE MPEICTAaBIAIOT COO0OM He

3aMCPCHHBIC, a IIPCAII0JIaracMbIC 3HAYCHU A CI/IFHaJ'IOB).
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Tabnuia 1 I3MepuTenbHble CUTHATIBI

BEBICOKOYAaCTOTHBIE H3MEPEHHA | HH3K049aCcTOTHEIE H3MEPECHHA

Ay, p. 1 ‘ @, 0, 7

Cxema cHenualbHBIX YCWIHTENEW perynstopa (oOparHas, npsmas Hu
nepeKpecTHasl CBSI3M) Uil NMPEJCTABUTEIBLHOTO MHOXKECTBA YCIOBUW MOJIETA IO
3aIaHHOMY JMara3oHy co3naércs Ha 0a3e DtanonHoit Mojaenu [lpsimoro 3amanus
Co6cTtBeHHOM CTPYKTYPBHI.

COOTBETCTBEHHBIE MOKA3aTENNW YCWUJIEHHUS YIPABISIOUIETO YCTPOMCTBA,
OpUMEHUMbIE KO BCEM JadbHOCTH TMONETA, OBUIM YCTAHOBJIEHBI CIEAYIOIIUM
o0pa3zoM: JJisi YCNEUIHOM KOOPAMHAIIMU pa3/IelIbHbIX CUCTEM OaJaHCHUPOBKHU IO
3aJaHHOMY JMana3oHy JABWKEHHUS, Uil KaXIOM W3 OTUX CHCTEM, €CIIh €€
U3MEPUTENIN YCUIICHHSI CIIPOEKTUPOBAaHbI METO0M JTanioHHOW Moaenu IIpsimoro
3ananus CoOctBeHHOM CTpPYKTYpbl, TEHEPUPYIOTCS MOJEIU B MPOCTPAHCTBE
coctosiHui. OCHOBBIBasCh Ha 3TUX MaTpulax KodPQPUIUEHTOB YCUIICHHUS,
pa3pabaTbiBaeTCA YIpPABICHHE C MPOTPaAaMMHBIM YCHJICHHEM, OXBaTBIBAIOIIEE BCE

JOCTYITHBIC 00JIaCTH TOJIETHBIX PEXKUMOB.
4 UccaenoBaHue U 10Ka3aTeJbCTBO YCTOMYNBOCTH

Jlns obecrnieueHus O€30MACHOM M HAAEKHOW SKCIUTyaTallud caMoJjéra ¢
AJEKTPOJUCTAHIIMOHHON CUCTEMOM YIIPABJIEHUsS HAa BCEM JOCTYIIHOW IONETHOU
007acT HEOOXOIUMO JI0Ka3aTh/yTBEPAUTH/TIPOAEMOHCTPUPOBATh, YTO 3aJaHHBIN
MHUHHMYM YCTOWYHMBOCTH 3aMKHYTOTO KOHTypa YNpaBJICHUS TapaHTUPOBAH MpHU
TOOBIX  OTKJIOHEHUAX (KOTOpbIE MOXKHO  OXHJATh) MEXIy peatbHOU
(BO3MYIIEHHOMW)  CHUCTEeMOM M HOMHMHAJIBHBIMM  TlapaMeTpaMu  IUIIOC
pa3pabarbiBaeMoit MOJIENBIO CUCTEMBI yIpaBJICHUS. OTnnuus
(OTKIIOHEHUS/OMIMOKN) MEXTY peaIbHOW JTUHAMUKOW CHCTEMBl 1 HOMHUHAIBHBIMHU

MOJIEISIMU, HCIOJIb3yeMble JUIsl pa3pabOTKU CHUCTEM YIpaBICHUS, OOBIYHO
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0003HayalTCd TEPMUHOM ‘‘HEOIpPEIENEHHOCTh NapameTpoB moaenn”. Cucremy
YIIPaBJICHUS HA3bIBAIOT YCTOWYMBOM, €CIIM IIPEAesl YCTOMYMBOCTU TapaHTUPOBAH
JUISL BCEX BO3MYIIEHHBIX JJIEMEHTOB YIPABJICHUSA, NAKE B CIlydae HaMXyALIEH
HEONPEAEIEHHOCTH TapaMETPOB MOCIIH.

BmuioTe 10 CEroHSIIHETO THS, KOHTPOJIb YCTOMYMBOCTH CUCTEM YIIPABICHUS
JeTaTeIbHBIMU amnmapaTaMd B paMKaxX TOCYAapCTBEHHOW AKKPEIWUTALUU U
cepTuUKaLUU peannu3yeTcsl MOCPEACTBOM METO/AA IMOCIIEN0BATEIbHOIO BBOAA U
BbiBosia (SISO), a Takke myTéM aHanmu3a MpPenesioB YCTOMYMBOCTH (KpUTEPHid
HaiikBucta u, COOTBETCTBEHHO, BUHTOBas YCTOWYMBOCTH HUKOIB3), cpaBHEHUE
KOTOpPBIX BBl MOJYKE€T€ HAaNTH B HMCTOYHHKE 6. OaHako, mpoueaypa KOHTPOJIS
peanusyeTcs U MocpeiCTBOM CHCTEMbl MHOIOKaHAJIbHOTO BBOJ1a U BbiBo1a (MIMO),
HanpuMmep i OOKOBOM NWHAMMKHU JIETATENbHBIX almapaToB, C MPUMEHEHUEM
OJIHOKOHTYPHON KOMMYTaluu (IpH KOTOPOM BCE OCTajbHbIE KOHTYpPbHI CHUCTEMBI
3akpbIThl). Tem He meHee, [[oiib HA KOHTpIpUMEpPE MOKazal (MCTOYHUK 7), UTO
OJHOKOHTYPHOI'O MCIBITAHUS YCTOMYMBOCTU CUCTEMBI MHOTOKAHAJIBHOI'O BBOJA U
BBIBOZIA HEIOCTATOYHO. HarpoTus, 1€MCTBEHHOE U JUCCUIIATUBHOE JOKA3aTEIbCTBO
ycroitunBoctd g cucreM MIMO wmoxer obecnednTs aHalnu3 CTPYKTYPHBIX
CUHTYJIIDHBIX 3Hau€HWM, WM p-aHanu3 (ucrouHuk §). Takum oOpasowm,
MHHOBAallMOHHOE IIPUMEHEHUE [1-aHAJIU3a C LEJbI0 JOKA3aTeIbCTBA COOTBETCTBHUS
HOpPMAaM yCTOWYHMBOCTH I0JIb30BATEIBCKUX HACTPOEK OrPAHUYECHUN XapaKTEPUCTUK

YCTOMYUBOCTH OYJIET MPECTABICHO Jajee B ITOM TJIaBe.

4.1 Beenenue B KoHTpoJb YcroiunBocTH U pA -ananns

u-ananus3 oOecreunBaeT 3(PGEKTUBHYIO MPOBEPKY HA YCTOWYMBOCTH B
CUCTEMAaX DJIEKTPOJUCTAHIIMOHHOTO YINPABICHUS MOJETOM (MCTOUYHHK  8).
brnaropapst cTpyKTypUpOBaHHOMY CUHTYJISIPHOMY 3HAUEHUIO |1 MOKHO YOEIUThCS B
TOM, 4TO B CIIy4ae C ONPEICIEHHON IPyNIoON MOJENbHBIX HETOYHOCTEN HU OAWH

MMOJIFOC/COOCTBEHHOE 3HAYECHNE HOMUHAJILHOM CTAOMIILHOW CUCTEMBI HE JTOCTUTAET
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U HE NEepeceKaeT BOOOpakaeMyr0 KOMIUIEKCHYIO IJIOCKOCTh M, TaKUM 00pa3oM,
CUCTEMA OCTAETCA CTAOUIIBHOM.

C ToYKkM 3peHHs] TMHAMUKU MOJIETa, BOOOpakaemas MIOCKOCTh HE SIBISETCS
pemaroimuM (HaKTOpOM XapaKTEPUCTUK MOJIETA, CTAOMIBHOCTH WM YCTONYUBOCTH.
Hamnpuwmep, ciupanbHoe ABUKEHUE CAMOJIETA, OCHAIIIEHHOTO CUCTEMOM YIIyUIICHUS
ynpasieHuss W yctoduuBoctd (CSAS), mnpeanoyTUTENbHO JIOJDKHO —OBITh
HETOJBI)KHO CTAaOMJIBHBIM Ui OOECIEUeHHUs OTJIMYHBIX XapaKTEPUCTUK MOJIETA
(Monenbubiii kOoHTYp 1 ypoBHS™). OmgHako, Ui NPEANOYTHTEIHHBIX JIETHBIX
XapaKTEPUCTUK OTOr0 KOHTypa TaKXK€ BO3MOXHO JJIMTEIBHOE YIBOCHUE
aMIUTUTYABl TIPU  CHOUPAIHHOM  JBWKEHUU (MCTOYHUK 5). YTBEpKICHHE
YCTOMYUBOCTH HA OCHOBAHWHU CTAOWJIBHOTO WJIM OrPAHUYEHHOTO HEPOBHOTO
CIIUPAJIBHOTO JIBIDKCHUS MYTEM |l-aHAJIM3a HEBO3MOXKHO H3-32 HOMHWHAJILHOTO
peayCI0oBUS CTAOMIIBHOCTU U 3aJIaHusl BOOOpakaeMoit ocu. Takum oOpaszom, st
JIEMOHCTpAIlMM aJICKBAaTHBIX XapaKTEPUCTUK CTAOMIBHOCTH, T.€. 3¢ ()EKTUBHBIX
XApaKTEPUCTUK MOJETA U YOPABISIEMOCTH, AECNAIOLIIMX BO3MOXKHBIM OIPAHHUYECHHE
BPEMEHH YABOCHHUS aMIUIMTY/Ibl Ha IOJKOCAX HEPOBHOT'O CIUPAIbHOTO JABUKEHUS,
npemiaraercs npuMmeHenne metonoB Konrpons YceroitunBoct u pA'-ananusa.

UAT-aHanM3 He BOCIPUHUMAET BOOOPAKaEMYI0 OCh KOOPAMHAT KaK TPaHUIIbI
o0JlacTh 3HaYCHUH CTAOMIBHOCTH, HO OIIEHHWBACT XapaKTEPUCTUKU CTAOMIbLHOCTH
COTJJACHO YCTAaHOBJICHHBIM IIOJIb30BaTElIeM OrpaHWYEHUAM ' B  paMmKax
KOMILIEKCHOM 11ockocTu. [1o mpsiMoii aHamoruu ¢ BooOpa)kaeMoi III0CKOCThIO, KaK
OTpaHUYCHHEM CTA0WJIBHOCTH YCTOWYMBOCTH, MBI ompenensieM KoHTpoib
YCTOWMYMBOCTH Kak: €CIAM BCE IOJIIOCA/COOCTBEHHBIE 3HAUCHUS JMHEHHOM,
HE3aBUCHUMOW OT BPEMEHM CHUCTEMBbI HAXOASATCS B JIEBOW YACTH IOJIb30BATEIBCKOU
ITKaJIbl OTPAHUYEHUI " 111 BCeX BO3MYIIEHHBIX 00 BEKTOB CUCTEMBI YIIPABIICHUS, TO
CUCTEMa  yJIOBJETBOPSICT  TPEeOOBAaHUAM  XapaKTEPUCTHUK  CTaOMIBLHOCTH
YCTOWYMBOCTH, U HA3bIBAETCSI COOTBETCTBYIOLIEH CHUCTEMOW. Ecnm kak MUHUMyM
OJTHO COOCTBEHHOE 3HAYCHHUE/TIONIOC HAXOAWTCS Ha (WIM  cOpaBa  OT)
YCTAHOBJICHHBIX  TpaHUIAX  yCTOMYMBOCTH, CHUCTEMa HE  COOTBETCTBYET

TpeOOBaHUSAM YCTOMYMBOCTH, U Ha3biBaeTcsi HecooTBercTByromed. Ha Puc.4
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M300paxEH KOHIIENT COOTBETCTBUSI/HECOOTBETCTBUSA CHUCTEMBI, CO3JaHHBIA IO

AHAJIOTHUH CO CTA0MIBPHOCTHIO/HECTAOMIIBHOCTHEO CUCTEM.

im | jo

Relo

-
'

Puc.4: I'padvk cOOTBETCTBUS/HECOOTBETCTBUS CHUCTEMbl XapaKTEPUCTUKAM
CTaOMIILHOCTH.

Peanuzanus aHanmu3a yCTOMYMBOCTH ISl JIMHEHHBIX, HE3aBUCUMBIX OT
BPEMEHH CHCTEM MHOTOKaHaJIbHOTO BBOJia U BbiBoJa (MIMO) mocpeactBom pA'-
aHaJu3a OCHOBaHA Ha CTaHAAPTHOM CTPYKTYpPE TEOPHUU KOHTPOJISI YCTOWIMBOCTH,
MA-ctpykrype (Puc.5, uctounuku 8, 9 u npyrue). MA-cTpyKkTypa TpPOU3BOIUT
pazzieseHre U3BECTHBIX AJIEMEHTOB CHCTEMbI (OPTaHbl U YCTPOMCTBA YIPaBICHHUS)

M, a Tak)Ke HEeTOUHBIX 3HAUCHUH A.

(5N
A

u 4 Ya

Puc.5: MA-cTpykTypa

B cooTBeTcTBHM € OMpeneIEeHHEM CTPYKTYPHOTO CUHTYJISIPHOTO 3HAYEHHUS [
(uctounuk 8), ypaBHeHue MA" IS aHAIM3a YCTOMYMBOCTU OIpEIeIsaeTCs
CJIEYIOIIUM 00pa30oM:

— ompeneneane PA"': Ecim " saBnseTcss OMEKTHUBHBIM, YCTAHOBJICHHBIM
MOJIb30BATENIEM OrpaHUYeHUEM, a 111 MA-CTpYKTYpbl BEPHO CJIEIYIOIIEE:

)M (*") u A (°") SBISIFOTCS KOMIUIEKCHBIMU MAaTpPUTIAMU T KOKIOW TOYKH

obnactu cootBercTBus " (Muaekc ');
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2) A (°") € A ipu A = {nuarpamma (d1li,..., Oklx, A1,..., Ay) | & € C, Al € C™i
Xmil CTPYKTypHOE CUHTYJsIpHOE 3HaueHue PA" matpuubl M Uil KakI0il TOYKH
orpanuyeHust cooTBeTcTBUS S' = 8"(w)+jo mpu ® € (-o0; +o0) (mIs aHamM3a
COOTBETCTBUSI XapaKTEPUCTUKAM YCTOWYMBOCTH) OIIPEIEIISICTCS KaK:
i -1
(vn {G(Asp)) | det(r — M. Acsp) = 0})

I‘AI'(M(SI-)) = (1)
0|det(l — M Aip) #0, VAEA

JlokazaTenbCTBO COOTBETCTBUSI YCTOMYHMBOCTH C TOMOIIBIO CTPYKTYPHOTO
CUHTYJIIPHOTO 3HaUeHUS LA" HOMUHATIBLHOM, IMHEWHOM U HE3aBUCUMOM OT BpEeMEHU
JTUHAMHYECKON CUCTEMBI BBITJISIIUT CJICAYIOIINM 00pa3oMm:

— AHanmu3 cooTBeTCTBHS ¢ Tomolnbio UWA™: Eciu " gBisieTcss yHUKaJIbHBIM,
OTPENICIEHHBIM TI0JIK30BATENIeM OrpaHuYeHueM, a s MA-CTpyKTypsl BEpPHO
CJEeyIOIIEe:

1) M(S) u A(S) sBIAIOTCA KOMIUIEKCHBIMU TEPEXOJAHBIMU MATPHUIIAMH,
COOTBETCTBYIOIIUMH TPEeOOBAHUSM YCTOHYHMBOCTH, T.€. BCE MOJOCA/COOCTBEHHBIE
3HaueHust M(S) u A(S) 1o JeByr0 CTOPOHY HIKaJIbl COOTBETCTBUS,

2) A(S) sBnsieTcst OJIOYHO-AMArOHAIBLHOM MATpHUIlEH HETOYHBIX 3HAYCHUH,
coriacoBaHHoi ¢ O(A(S)) < 1, VS = 6+jo ¢ 6 = 8"(w), To 3akpbiTas MA-cTpykTypa
ABIIIETCSI COOTBETCTBYIONIEH (COOTBETCTBYET TPEOOBAaHUSM YCTOMYMBOCTH) JIJIS

BCCX NOIMYCTUMBIX HCTOYHBIX 3Ha“ICHI/If/'I, CCJIn
;IA,-(M(SI_)) <1 Vow. (2)

CornacHo aHanu3y CTPYKTYPHBIX CHUHTYJSPHBIX 3HA4Y€HUM [, NpsIMOE
BbIunciieHne UA" HEBO3MOXKHO, HO MOTYT OBITh OTMpEETCHBI BEPXHSIS U HIDKHSISA
IpaHUIBl 3HAYEHH HA OCHOBAaHMM CBOMCTB UA'. DTOT NpU3HAK aHAJIOTUYEH
MOI0OHOMY B [1-aHaNK3€ (MCTOYHHUKH 8 1 9).

VYupouménHasi onucatenbHas UHTeprperanus LA 1 ycaoBUld yCTOMYMBOCTH
BBITJISIAT  CJICAyrOInUM oOpa3oM: kopHu ypaBHeHus det(I-M(*T)A(*")) paBHBI

COOCTBEHHBIM 3HAUYECHUSIM/MONIOCaM 3akpbhiTol MA-cTpykTypbl. Eciu st kaxaon
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TOYKH TpaHuIlbl cooTBeTcTBUsA ypaBHeHHe det(I-M(*T)A(*")) umeeT perieHue, Mbl
MOXXEM OIPENeNnThb, JIeKAT JIM COOCTBEHHbIE 3HAYEHUS/TIONIOCA HA TpaHULE
cooTBeTcTBHs. [Mess BBUAY HOMHUHAJIBHYIO CHUCTEMY COOTBETCTBHUS (BCE
COOCTBEHHbIE 3HAUEHUS/TIOJIIOCA PACIIONIOKEHBI CJIEBA OT I'PAHULIBI COOTBETCTBUS),
U TOJpa3yMeBas YCHENIHO pAacTyIlee HECOOTBETCTBUE 3HA4Y€HHUs A, MOXKHO
ONpeNeNUTh MJAJIIee U3 3HAYEHUH A, Tak Kak JUlsl HEro peuieHUEM ypaBHEHUS
det(I-M(*")A(*")) oymer 0. Takum oOpa3zom, 3HaueHHeM A OyAeT HanOOJbIICE
cuHryispHoe 3HadueHue O(A*"). DTo o3Ha4aeT, 4YTO0 KaKk MHUHUMYM OJIMH
MOJIF0C/COOCTBEHHOE 3HAUEHHUE JIOCTUTaeT TpaHUllbl COOTBETCTBUS. B pesynbTare,
CTPYKTypHOE CHHTYJsipHOe 3HaueHue PA'( M(*T)) sBisiercs mMepoil mepecedcHus
IPaHUIl COOTBETCTBUS B BHUJEC OTHOIICHHS COOCTBEHHOTO 3HAYEHUS/TIONIOCA H
HetouHoro 3HaueHus A. Haubomnbiiee 3nauenne pAT( M(*")) o3Hayaet Hauxyaiime
XapaKTePUCTUKH YCTOMYMBOCTH, HaUMeHbIIee ke 3HaueHue AT ( M(*T)) — xoporue
XapaKTepUCTUKH ycTOWYUBOCTH. CoryacHo TeopemMe O MayoM Koddduimente
ycwieHus: (MCTOYHUKHA 8 ¥ 9) U TOMYCTUMBIM HETOUYHBIM 3Ha4YeHHUSIM O(A(*")) < 1,
TpeGoBaHMs cOOTBETCTBUA ycToiunBocTH mpu UAT( M(ST)) < 1 coOmoaeHbI.
JleTasibHbIE U BCEOOBEMITIONINE ONMMCAHUE U JIOKA3aTEILCTBO COOTBETCTBUS
YCTOWYMBOCTH KaK CTPYKTYPHOT'O CHHTYJISIPHOTO 3HAaUeHUsI LA™ 1 ero CBOMCTB yke
peanu3oBaHbl aBTOpaMu, HO BHE 3Toil paboTel. [IpuBenéHHOE BbIle BBEJACHUE B
BOMPOC HE TMpEeTeHAYyeT Ha 3aKOHYEHHOCTb, HMEsS CBOEH IIeNIbI0 KpaTKoe
NOCBSIICHUE YHUTaTels B TEeMy JJs JIy4IIero TIOHHUMaHWS JajbHEeHIIen

uHbopMaIuu.
5 JInHeHBINA ¥ HEJIMHEHHBIA aHAJJIN3
B koHIle KOHIIOB, ISl MOJATBEPKICHUS AUHAMHYECKUX XAPAKTCPUCTHK M

VIYUIICHWA YIPaBISIEMOTO JIETATEIBHOTO amnmapara Ha (OHE HEYMpaBJIsieMOTo,

MIPUBOJIMTCS KPATKUM JIMHEWUHBIN aHAJIN3 3aMKHYTOTO KOHTYpa.
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MHMM2T 420TE  [sec’)

+ Vnpaenzemetit ¢ nocT.ko3d. VouneHK
-10H VIoaEngeMEll ¢ MOOrDAMMHEIM VCHISHE
-20 -18 -18 -14 -12 -10 )
1
BeINEeCTESHHAA YacTb [56C |

Heynpasnaexsrii JTA I;

opf--=p4--q------t¢

Puc. 11 [onroca/CoOGcTBEeHHBIE 3HAYEHUS BCEl 00J1aCTH MOJIETHBIX PEXKUMOB

Ha Puc. 11 uzoOpaxkeHsl MoOII0Ca/COOCTBEHHBIE 3HAYEHUS YIPABISIEMBIX
CaMOJIETOB C MPOTPAMMHBIM YCHUJIEHUEM YIIPABJIEHUS, CAMOJETOB C MOCTOSHHBIM
KO3 (PHUIIMEHTOM YCUIICHHSI YIIPaBICHUS U HEYNPABISEMbIX CAMOJIETOB.

BapuanTel ABMXKEHHST KpeHa BIOJb 3aJaHHOM OCH COKpPAIIAKTCS 10
uana3oHa MPUEMIIEMBIX 3HAYEHUHN C IENbI0 00eCNeYUTh WHTYUTHBHBIC JIETHBIC
XapaKTePUCTUKHU, a a0CONIOTHOE JeMrpupoBaHUE, OyIydd NMPUUYNHOW CIHMIIKOM
BBICOKOW UyBCTBUTEIHLHOCTH YIIPABJICHUS, COKpAIIAETCs emle 06ojee 3HaYUTeNbHO.
[To3urust MONMFOCOB/COOCTBEHHBIX 3HAYCHUN “‘TOJIAHJICKOTO” KpEeHa H3MCHSIETCS
CUCTEMOM yOpaBICHHS C TMPOTPAMMHBIM  YCWJICHHEM, YTOOBI  JIOCTHYb
ONTUMAJIBHOTO a0COJIFOTHOTO M OTHOCUTENIBHOTO JeMII(pupoBaHus, a Takxke Oosee
BBICOKOW COOCTBEHHOUM YacCTOTHI, YTOOBI “TOJIAHACKWN~ KPEH YIOBIETBOPSII
3HAYEHUSM, TPEOYEMBIM MPU TECTUPOBAHUH C MOJICIIBIO B KOHTYPE 00paTHOM CBS3H
1 ypoBHsa. BpnobaBok, cucTeMa yIOpaBIE€HUS C MOCTOSIHHBIM YCUJIEHHUEM

oOecrnieurBaeT 0osiee BHICOKUI JIEMIIMHT BO BpeMs “TOJUIAHACKOIro” KpeHa, TO €CTh
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yIIy4IlI€HHbIE JTETHBIE XapaKTEPUCTUKH B CPABHEHHH C JIETATEJIbHBIM alapaTom 0e3

CUCTEMBI yIIPABICHUS.

CobcTeeHHEI E2KTOP *'TOMNAKACKOrO KPeHA CaMOnsTa 023 CHCTEME! YIPAENSHKA
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Puc. 12 CoOcTBeHHBIN BEKTOP “TOIAHICKOTO” KpeHa

Tpebyemoe ycTpaHeHHE MEPEKPECTHBIX CBSA3CH TMHAMUYCCKUX TOKa3aTeleit
KpeHa M PhICKaHUs, CTOJIb HEOOXOUMOE JIJisi 00ECIIeUEHUsI ONITUMAIBHBIX JIETHBIX
XapaKTEPUCTUK JIETATEJIBbHOIO allapara, OCHAIIEHHOTO CHUCTEMOM YIy4IlICHHS
YCTOMYMBOCTH M YIPABISEMOCTH, TaKXKE pealn3yeTcsl C IMOMOIIbIO CHUCTEMBbI
VOpaBJICHUS C TMPOTrPaMMHBIM  yCWICHHEeM. UYTOOBl TPOAEMOHCTPUPOBATH
BBINICYKAa3aHHBIN (HaKT, TMpoaHATU3UPYyEeM COOCTBEHHBIN BEKTOP “‘TOJIIaHICKOTO”
KpeHa: Ha Puc. 12 u3o0pakeHbl COOCTBEHHBIM BEKTOp “TOJUIAHACKOTO” KpeHa
caMoi€ra 0e3 CHCTEMbI YINpaBICHUS U CaMOJIETa C CUCTEMOW YIpaBJIEHUS C
MpOrpaMMHBIM YCHJICHHEM B 3aBHCUMOCTH OT JAMHAMHUYECKOro maBiieHus. Ha
rpadugeckoM n300pakeHNN YETKO TTOKa3aHO, YTO yTIIoBasi CKOPOCTh KpeHa (¢), kak

U CKOPOCTHOM yroj KpeHa (p.) JIETaTEeJbHOrO amnmnapara ¢ CUCTEMOW YINpaBJICHUS
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CBOJUTCS K MUHUMYMY U, TaKUM 00pa3oM, JUHAMUYECKUE MOKA3aTEIU PHICKAHUS
M30JMPYIOTCSA OT IMHAMHYECKHUX MMOKa3aTeNlel KpeHa, Kak Toro u Tpedyer cucrema.
Ha npakTtuke ObUIO 10Ka3aHO, YTO MO AHAJIOTUU C “TOJUIAHJCKUM ™ KPEHOM,
yroa OOKOBOTO CKOJIBXKEHMs, KaK TpH TOMEPEYHOM, TaK U NIPU CHUPATHLHOM
IBW)KEHUU CBOAUTCA K MHUHUMyMY. B pesynbprare, mNepekpeécTHbIE CBA3U
JUHAMHYECKUX TIOKA3aTENEN OCU KPEHA U YIJIa CKOJIBKEHUS YCTPAHSFOTCH.

AHanu3 COOCTBEHHBIX 3HAYEHUHW U COOCTBEHHBIX BEKTOPOB UYETKO
MOKAa3bIBAET, YTO TPEeOOBAHUS JOCTIKCHUS OTIWYHBIX JETHBIX XapaKTEPUCTHUK, B
YaCTHOCTH YCTPaHEHHUsI TONIEPEYHOr 0 CHOCA, B MOJHON MEpPE JOCTUTAOTCS B paMKax
JIMHEUHON MOJEIIN.

B xoHeuHOM cuéTe, yIOBIETBOPEHHE ITUX TPEOOBaHUM MYyTEM HEIMHEHHOTrO
aHanu3a OyJeT MOATBEPHKICHO HUXKE MO0 TEKCTY:

Henuneitnoe mudpoBoe MoaenupoBaHue caMoi€Ta ¢ CUCTEMON YIIpaBiIeHUS
C TIPOTPaMMHBIM YCHJICHHEM JOCTHTAaeTCs Oiarojapsi ynoMsiHyTOM BBIIIE MOICIH
muHamuku noinérta FSD DA-42/FSA 6 DOF. XapakTepucTUku JeTaTeIbHOTO
anmapara OyAyT MpoaHaIM3UPOBAaHBI, B IEPBYIO OUYEPEIb, HA YIPABIIEMOCTh Ha OCH
KpEeHa, BO-BTOPHIX — HA COMPOTUBIIEHNE BHEIITHUM aTMOC(HEpHBIM ToMeXaM. AHAIU3
JIETAaTEIBHOIO anmnapara ¢ 3J1€KTPOHHON CUCTEMOM YIpaBIICHUS BCET1a OCHOBAH Ha
€r0 CPaBHEHHH C JIETATEIHHBIM anmnapaToM 0e3 3JeKTPOHHON CUCTEMBI YIIPABJICHHS.

JluHaMH4YeCKUE XapaKTepUCTUKH JIETATEIIBHOTO ammapara C 3JIEKTPOHHOMN
CHCTEMOW YIPaBJICHUS, TCHEPUPYIOIIEH MEAHIAP YACTOTOM Pec, IIOKA3aHBI B JIEBOM
cron6me Puc. 13. B cpaBHEHHMH C JeTaTeNbHBIM ammapaToM 0e3 3JEeKTPOHHOUN
CHUCTEMBbI YIPABICHUS, CAMOJET C JJIEKTPOHHOW CHCTEMOM YIIPABICHUS IIPU
YBEIIMYEHUH U YMEHBUIEHUHU YIJia KPEHa JIBUTAETCS TaK e CKOOPAMHUPOBAHO, KAK
u npu npsMoM noné€re. [Ipu aBTOMATHYECKH KOOPAMHUPYEMOM IOJIETE, KaK U
TpeOyeTCsi, TOYTH TOJHOCTHIO OTCYTCTBYET A((PEKT yriIoBOro CKOJIBKEHUS. DTO
JOCTUTaeTcsl Ojarojiaps NPUMEHEHUIO YHUBEPCAIBHOIO AJIEKTPOPETYIHPYEMOTO
pyJis yIpaBJieHUs U OTKIOHEHUIO 3JiepoHOB. OUEBUIHO, UTO JIETaTENbHBIN amapar,
HE OCHAIEHHBIN JIEKTPOHHON CUCTEMOM yIipaBieHus (MpaBblid CTOIOEI Juarpamm

Ha Puc. 13), He cnocoOeH OCyIIECTBUTh CKOOPJMHUPOBAHHOE JBUKEHHE B MOJIETE
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IIpU TONEPEYHOM OTKJIIOHEHWH PYYKH YIpaBIEHUsS, U, TaKUM oOpazoM, paboyas
Harpy3ka Ha MHJIOTa NPy OCYLIECTBICHUHU MOJ00OHOTr0 MaHEBPA OYEHb BBICOKA.

ITocne aHanu3a KOMaHJHOTO PEKUMA Pec HEOOXOIUMO U3YUHUTh aTMOC(hEpHOE
BO3JICHCTBUE.

CtpykTypa OOKOBOIO BO3AYIIHOIO MOpbIBa NpuUHHUMaET ¢Gopmy “l—cos”.
JIlnHamMuyecKkre XapaKTEPUCTUKU CaMOJIETA C BJIEKTPOHHOM CUCTEMOM yIpaBJICHUSA
C IPOrpaMMHBIM YCUJIEHHUEM MpPEACTaBICHbI B JIEBOM CTOJOIE AuarpaMMm Ha Puc.
14. XapakTepucTUKH JIeTaTeIbHOrO anmnapara ©0e3 3JIEKTPOHHOM CHCTEMBbI
yIpaBlieHUsl TpPU TMOPHIBE BETpa MPEJCTaBICHbl B MPAaBOM CTOJOIE AHArpaMM.
Bnob6aBok, Ha HWxkHUX auarpammax Puc. 14 mpencraBieHa CKOpPOCTb MOpbIBA
[IOIIEPEYHOr0 BETPA.

Cucrema ympaBieHusi 00ecreuynBaeT CKOOPAMHUPOBAHHOE OTKIIOHEHUE PYJIs
YOPaBIEHUS M  JJEPOHA, YTO 3HAYWUTEIBbHO  YJIy4dllaeT JIMHAMUYECKHUE
XapaKTePUCTUKH Te M [} TOJIOKEHUS YIJIa PBICKaHHS Onarogaps yaydlIEHHBIM
IEPEXOAHBIM XapaKTepUCTUKaM. bosiee TOro, aBTOMAaTU4ECKOE OTKIOHEHHE
IIOBEPXHOCTU YIIPABICHUsS CaMOJIETa C OJJIEKTPOHHOM CHUCTEMOM YIIpaBJICHUS
3HAYUTENBHO COKpamaeT 3Q(eKT OT OCH KpeHa. YTJoBas CKOPOCTb KpeHa pe
COKpallaercs A0 MUHUMYyMa U, TAKUM 00pa3oM, Yroji KpeHa IOYTH PaBeH HYJIO B
CpPaBHEHUHU C YIJIOM Kpe€Ha JIeTaTelIbHOIo ammapaTra 0e3 3JIEKTPOHHOM CHUCTEMBI

yIIPaBJICHUS.

KomaHa B KaHalle KpeHa
JIA ¢ snexTpoHHOI cHcTeMOll yiipasmenA  JLA Ges 3neKTPOHHOI CHCTeMBI VIIDABTeHNA
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Puc. 13 CpaBHenue curnana nomnepedyHoro yrnpasieHus JIA ¢ 35eKTpoHHOU

CUCTEMOM ympaBieHus (C MpOrpaMMHBIM ycuieHueM) u JIA 0e3 3IeKTpOHHOM

rolfe)

P, ['%]

@[

Bl

CUCTCMBI YIIPABJICHUA.

AHanu3 XapakTePUCTUKU MOMEX IMOKa3bIBAET, YTO YPOBEHb CTAOMIBLHOCTHU
JIA ¢ 2JIeKTpOHHOW CUCTEMOH ympaBJeHHUs Ha MOPSAI0K BBIIIC, YeM y CaMOJIETa, He
OCHAILIEHHOTO JJIEKTPOHHOM cHcTeMOl ympaBieHus. bmaromaps ycuieHHOMY

COIMIPOTHUBJICHHUIO IIOMCXaM pa6oqaﬂ Harpys3ka ITHJIOTa caMoJI€Ta C BJICKT'pOHHOﬁ
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Puc. 14 CpaBHenue xapakrepuctuk JIA ¢ DSJIEKTPOHHOH CHCTEMOU
ynpasiieHuss (C mporpaMMHbIM ycuiieHueMm) u JIA 0e3 371eKTpOHHOM CUCTEMBI

yIpaBiieHUs PU OOKOBBIX aTMOC(EpPHBIX MoMexax B Bujae “1—cos”.

6 BuiBoabl/3aKkiouenue

Pa3zpabortka MHHOBAIIMOHHOM AIEKTPO-IUCTAHIIMOHHOMN CHUCTEMBI
yOpaBiICHUST HWHUIMUPOBAHA C IIEJIbI0 OOECIEYeHUs OTJIMYHBIX JIETHBIX
XapaKTEPUCTUK U IIOMOLIY MUJIOTY B YCIOBHSIX MTONEPEYHOTO ABUKEHUS JJIS1 MAJIbIX
caMoJIETOB 0OIIel aBHAallMM M OCHOBaHA Ha JOCTATOYHBIX JIOKa3aTelIbCTBaX
COOTBETCTBHUSI 3TOM CUCTEMBI HOPMaM HaJEKHOCTH.

[locne mpeacTaBiieHNs TaHHBIX O BBICOKMX PUCKax Yrpo3bl 0€30MacHOCTU B
CEKTOpE TPAKIAHCKON aBUAIMK M HEOOXOJUMOCTH YIYUIICHUS dTUX MOKa3aTeseu
yTeM BHEJIPEHUS! aKTUBHOW IIEKTPOAUCTAHIIMOHHONW CUCTEMBI YIpaBJICHHs ObLIa
OpEeAJIOKEHA CTPYKTypa M COOTBETCTBYIOLIAS METOJAMKA CO3JAaHUS CHCTEMBI
VIOpPaBICHUS WHIUBUAYAJIbHOTO HCIOJHEHHUSA, C IETbI0 00ECIeUYUTh OTIMYHBIE
XapaKTEPUCTUKU MOJNETa U yIpaBisieMocTH. BrocnencTsuu ObUIO MPEIOCTABICHO
MIOATBEPKICHUE COOTBETCTBUSI CUCTEMBI, O KOTOPOU UJIET p€Ub B 3TOM TEKCTE, BCEM
HOpMaM HaJEKHOCTH.

TpaauiMoOHHBIN aHAIN3 HAJIEKHOCTH, OCHOBAHHBIM Ha auarpamme bipka —
Hukonca (OTpbIBKM OAMHOYHOTO KOHTYpa), HE TapaHTUPYeT CTaOWIIbHBIX
XapaKTepUCTUK yCTOWYUBOCTH. [lo ATOM mpuumHe ObIT mpemtokeH PA'- aHamms,
ABJSIOLIMUCS YJYYIIEHHOW BEpPCHUEUW [-aHAIW3a, W MO3BOJSIOUIMNA IPOBOJIUTH

HCYCPIBIBAOIMEC  HCIIBITAHMA  Ha YCTOIZHHBOCTB, B TOM 4YHCI€C H C
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M0JI30BATEIbCKUMU OTPAaHUYEHUSIMU OTAENbHBIX XAPAKTEPUCTUK CTAOMIIBHOCTH.
IIpn npumeHennn pA'-aHann3a NPOU3BOAMIIACH OLIEHKA YCTOMYMBOCTH CaMOJETA,
000py10BaHHOTO 3JIEKTPOAUCTAHIIMOHHOMN CUCTEMOU YIIPABIICHUS 51
MO/IPa3yMEBAIOIIET0 OOIIMPHYIO HEONpEeAeIEHHOCTh IMapaMeTpOB MOJENIH, U
COOTBETCTBHE TpPEeOOBAHUAM YCTOMYMBOCTH OBUIO JOKA3aHO MO BCEM IYHKTaM
IIPOBEPKHU.

JluneWHbIH W HEJIWHEWHBIA aHamu3bl (MX CUMYISIUA) CaMoJéra,
000pYyA0BaHHOTO AJIEKTPOJUCTAHIIMOHHOW CUCTEMOU yNpaBieHUs, OOHAPYKUBAIOT
NIOTEHLIMAJ]  IPEACTAaBICHHOIO  BBIIIE  KOHIENTa 1O  CPaBHEHHUI €
HEaBTOMAaTHUYECKUMHU adpOJMHAMUYECKMMU cUcTeMaMu. lIpencraBieHHbIE BbIlIE
OLICHKM IOAYEPKUBAIOT 3HAYMTEIIbHBIE YIYUYLICHUS XapaKTEPUCTUK IOJIETA U
YIIPaBIAEMOCTH CaMOJIETOB, 000pyAOBaHHBIX TEXHOJIOTUEU

AJIEKTPOUCTAHIIMOHHOTO ynpasneHus JIA.

IIpumeHeHHe ONTUMAJIBHOIO AHAJIM3a HANXY/ALIETro Cay4as JJsl OleHKHU
AJIrOpUTMa yNnpaBjeHUsi B  YCJIOBUSIX BO3AYNIHO — KOCMHYECKOIO

MPOCTPAHCTBA

Mpmuenue aBropa. [Ipo6iiema onieHKH anropuT™Ma yrpaBlIeHUs MOJIETOM MOKET
ObITh copMyIupoBaHa Kak MpobOiieMa aHaIM3a YCTOWYHMBOCTH CaMoOJIETa, TIe
HaJJIeXKAIIM 00pa30M BBIBEPEHHbBIE KPUTEPUHU OIEHKH MOTYT CTaTh HEBEPHBIMU B
CJIy4ae BBEJICHUS MAJICUIINX OrPAaHUYCHUMN JOIYCTUMBIX IapaMETPOB JIETATEIbHBIX
anmnapaToB, BHEIIHETO BO3JECUCTBUA U yCJIOBUM mon€Ta. ONTUMalbHBIA aHAW3
HAauUXyJIIero  ciy4as MOXeT ObIThb  HWCIHOJB30BaH ISl OMpeIeeHUs
napamMeTpOB/BO3ICUCTBUS/YCIOBUI TTOJIETA, KOTOPHIM 3TH KPUTEPUHU HE MOJTHOCTHIO
COOTBETCTBYIOT WJIM BOBCE HX HapywmarT. [lepCrneKTMBHOCTH 3TOro mnoaxojaa
3aKJIFOYAETCS] B €r0 MOJIHOM COOTBETCTBHMM BCEM CHUMYJISIHMOHHBIM MOJIEIISIM U
CLUCHApUsIM QITOpUTMa YNPABJICHHUS, BKJIOYasl KOMIUIEKCHBIM HEJIWHEHUHBIN
anroput™M. Ho 4TOOBI OBITH YBEpPEHHBIM B OTCYTCTBUM HapyLICHHN KpPUTEPHUEB

OLICHKH, HEOOXOJIHMMO pEIIUTh MpodsemMy oOIIel onTUMH3aluM ABUXKeHus. B
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ClIy4ae C MHOECTBOM KPHUTEPUEB OLEHKH MOUCK HAUXYAUIErO0 Ciaydass MOXKET
MIPUBECTH K CEPHE3HBIM BBIYUCIUTEIBHBIM 3aTpaTtaM. OaHAKO, perieHue mpooOieMbl
HauXyJIIero ciayyas Kak MHOIOLEJIEBOM 3aJayd  CIOCOOHO  COKpPATUTh
BBIYUCIIUTEIBHBIE 3aTPaThl, TAK KaK BCE WJIM HEKOTOPHIE KPUTEPUU OIEHKU MOTYT
OBITH COBMEIIEHBI B OJHWH. AJTOPUTMBI MOUCKA, OCHOBaHHBIE Ha ONTHUMU3AIINH,
MOT'YT TaKXe OBbITh UCIIOJIb30BaHBI /ISl BBISBICHUS [TApaMETPOB YyBCTBUTEILHOCTH
B Cllydae CO BCEMHU KPUTEPHUSMH OLICHKM W TOMOINM B pacuére 0e30MacHBIX

obnactell TUX MapaMETPOB.

1 BBenenue

[Tpu KCTIOIB30BaHUH TPATUITMOHHBIX TIOJIX0/I0B, TAKUX KaK CUMYJISITUOHHBIN
mMeTo 1 MonTe—Kapiio wim u3ydeHue rnapaMeTpoB OLICHKH CHCTEM yrpaBiieHus JIA,
JIOCTaTOYHO CJIO’KHO KaK BBISBUTH HECHAJIE)KHBIC M HAUXYIIIME CIIy4aW, TaK M C
YBEPEHHOCTBIO TOJATBEPJAUTh WX OTCYTCTBHE. Tak Kak OSTH METOABl emé u
HY’)KJAIOTCS B BRICOKHX BBIYMCIIMTEIBHBIX 3aTpaTax, IeIb0 JAHHOTO NCCIICI0BAHHMS
SIBJIICTCS U3YYCHHE TIPEHMYIIECTB HEKOTOPBIX HOBBIX TEXHUK OIICHKH aJTOPUTMOB
yIIPaBJICHUS IMOJETOM, TaKMX KaK aHajJu3 CTaOMIBHOCTH CHCTEM C IEPEMECHHBIM
JUHCHHBIM TTapaMETPOM HJIM ONTHUMU3AIMSA, OCHOBAHHAS HA TOMCKE HAHUXYIIICTO
cirydast.

B ciaydae ¢ mociieHUM METOA0M, Mpo0jIeMa OICHKH YCTOWYHUBOCTH MOXKET
OBITH chopMyTHpOBaHA KaK MpodieMa aHanu3a HaaEXHOCTH, T PST HaJJICKAIITUM
00pa3oM BBIBEPECHHBIX KPUTEPHEB OLICHKHU JIOJIKEH OBITh MPOBEPEH HA COOTBETCTBHUE
BCEM JIOCTYITHBIM BapHaIMsAM TapaMeTpPOB JICTATCIbHBIX aIapaToB, BHEIIHHM
YCIIOBUSIM M BCEM YCIOBHSAM ToJiéTa. MIHCTpYMEHTHI ONTUMH3AIIMA MOTYT OBIThH
MPUMCHEHBI I BBISBICHHUS BCEX MHHUMAIIBHBIX (MaKCUMAJbHBIX) DPEIICHUH,
CBHJICTEIICTBYIONIMX O TOM, HAPYIICHBI JU PAaMKH YCTAaHOBJICHHBIX KPUTCPHUEB, a
MOJTyYeHHAass TAKUM 00pa30oM TOYKAa MaKCUMyMa M OyJeT Ha3bIBaThCS HAWUXY/IIIAM

cinyyaeM. [Togo0HbIM noaxon yxe chopMyIUpOBaH B UCTOYHUKE 110 HOMEPOM 2.
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CrieroBaTenbHO, CII0KHOCTh METO/1a ONITUMHU3ALIMH 3aKJIF0YAETCS HE B IIOUCKE
KOMOMHAIM{ MapaMeTpoB, HE COOTBETCTBYIOUIMX KPUTEPHSM, T.€. BBISBICHUIO
HECOOTBETCTBHUSI CUCTEMBI YNPABICHUS MOJETOM, @ B TOM, YTOOBI OKOHYATEIBHO
yOenuThes B €€ COOTBETCTBUM 3TUM KPUTEPUSM BO BCEX CIydasX MPOBEPKHU. ITO
3HAYUT, YTO HEOOXOAMMO PEIIUTh OOIIYI0 MPOOJIEMy ONTUMU3ALNY, U HAHAEHHOE
pelIeHre AOHKHO OBITh JOCTATOYHO JOCTOBEPHBIM. CTpaTerusi peuieHus 3TOn
po0IeMbI PEACTABICHA B UICTOYHUKE MTOJI HOMEpOM 12.

CymiecTByeT HECKOJIBKO HCCIIEIOBAHMI METO/IA OLEHKH, OCHOBAHHOIO Ha
ONTUMM3AIMHU, TOJPA3yMEBAOIINX pPa3IUYHbIE MOAXOAbl U IMyTH MNPUMEHEHHUS
OJIHOKPUTEPHAIIbHBIX AJITOPUTMOB ONTHUMU3ALMH, TIPEJICTABIEHHBIX B UCTOUHHUKAX
Homep 4, 7, 9, 10, 11, 14. Pe3ynbraThl 4€TKO MOKA3bIBAIOT BBICOKHW MOTEHIMAI
ONTUMM3AIMOHHOTO TMOAX0Ja B HaJIEKHOM pEUICHUH MPOOJIEeM OLIEHKH CUCTEM C
MHOKECTBOM KaK HEOMNpeJeiEHHBIX MapamMeTpoB, Tak U KputepueB. llpuuunoii
TOMY, B YAaCTHOCTH, CIYKUT YHUBEpPCAJIbHOCTb M HaAEKHOCTh Tonaxona 0e3
NPYMEHEHUS] KOHCEPBAaTUBHBIX TEXHUK aHAIM3a. DTU IPEUMYIIECTBAMH 00J1a1aeT U
MHOTOKpUTEPHATIBbHBIA MOoAX0A. M XOTs mpouecc OLeHKH OOBIYHO HYXJAeTcs B
HarjJasAHO MPEACTAaBIEHHONW paboTe CUCTEMBI 10 BCEM KPUTEPUSM OLIEHKH, MOKHO
OKMJaTb, 4YTO MHOTOKPUTEPUAIBHBIA  IOAXOJ  CYLIECTBEHHO  COKPATHUT
BBIYMCIIUTENBHBIC 3aTPaThl, TAK KaK JJIS MMOJYYEHHUS 3alPAIINBAEMBIX PE3YJIBTATOB
[0 BCEM pacCMaTPUBAEMbIM KPHUTEPHUSIM HEOOXOAMMO JMILIb 3aIyCTUTh IMPOLECC
ONTHMH3ALUH.

[TyTéM onTUMH3aIMM MOKHO HE TOJBKO PEIIUTh MPOOJIEMbl HAUXYJIIETO
Clly4asl, HO M W3Y4YUTh BJIMSHUE WHIUBUIYAJIbHBIX M3MEHEHUI IapaMeTpoB Ha
HECOOTBETCTBHE HOpMaM ONEHKU. [l 3Toro nomxHa OBITH copmyiupoBaHa
HOpMaTHBHas MpobiieMa ONTUMHU3ALMU, TJA€ OrPaHUYECHUSMU OYyIyT BBICTYIATh
YCIIOBHS OLIEHKH.

bonee Toro, mnpu HCHONB30BAHWH CHELUUAIM3UPOBAHHBIX KOHIIENTOB,
BBEJIEHHBIX NIl TEHETUYECKUX AJITOPUTMOB (CM. HCTOYHUK HOMEp 5), OTAEIbHBIE
00JJaCTH MPOCTPAHCTBA MapaMeTPOB MOTYT OBITh HCCIEJOBaHbl Ha HapyIIECHUE

KpUTEpPUEB OLEHKU W OciabiieHrue padOThl CUCTEMbl. JTH O0JACTH MapameTpoOB
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MOTYT pacupOCTPAHATHCS HA BECh JIOIMYCTUMBIN AUAINa30H NapaMETPOB, a HE TOJIBKO
Ha 00JIACTH CXOXKJACHUS KOMOMHAIIMN MapaMeTPOB HAUXYIIETO Cclydast.

B stom wuccnegoBanuu ¢GopmylinpoBaHHE MPOOJIEM YYBCTBUTEIBHOCTH U
OIICHKM, KaK TpoOJieM ONTUMH3AlUU, OYyJeT MPEeJCTaBICHO BO BTOPOW TJIABE.
[Ipouiecc OLEHKM aIropuTMa yHOpPaBICHHUS, OCHOBAaHHBIH Ha ONTHUMH3AIUU,
MIPOJIEMOHCTPUPOBAH MPU MPUMEHEHUH €TI0 B aBUAIlMU U KOCMOHABTHKE. B TpeTheit
[JIaB€ OIKCHIBACTCS TMPUMEHEHHWE MHOTOKPUTEPUATBHONW ONTHUMU3AIUU IS
YTBEPKIACHUS BOCHbMHU KPUTEPUEB OILICHKU MPOU3BOJAUTEIHHOCTH aJIrOpUTMa
yIpaBJICHUS] HETMHEHHON MOJENN paKeThl — HOCUTEISI Bera ¢ MeCThio CTENEeHsIMHU
CBOOOJIBI U MPOCLIMPOBAHUEM BO BpeMEHHOU oOnacTtu. s 3TOro moaxona Takxe
u3zydaercs Oojiee BOCEMHAAIATH IMAapaMeTPOB, MOIXOIAIIUX IS MPET0KESHHBIX
nyTedl onTuMu3anud. BTOpbBIM TOAXOJOM SIBJISIETCS BBISBICHHE 001acTei
MOHMKEHHON TMPOU3BOJAUTEIBHOCTA BO BCEM JUAINA30HE TMOJETHBIX PEKUMOB
AKCIIEPUMEHTATbHOM CHUCTEMBI AIEKTPOJUCTAHIIMOHHOTO yIpaBJICHUS
JI€TaTEIbHBIM alapaToM rPakIaHCKOW aBUALIUHU C LIEJIbIO PACIIUPEHUS TPEAEITBHO
normyctuMoil Harpy3ku (cM. rnaBy 4). Co3zmaHue ycTOMYHMBOM K COOSM CHCTEMBI
ANEKTPOAUCTAHIIMOHHOTO YIPABJICHHS, a TaKKE€ CUCTEM 3alllUThl OT ATHX COOEB,
SIBJISIETCSI KOHTPOJIBLHOM 3a7aueii, chopMyIMpoBaHHOM B iporpamme EBponerickoro
Coro3a 1o pa3BuTHiO0 HayuHbIX HccienoBaHui v TexHosoruii “RECONFIGURE”
(UI3MEHEHUE XapaKTepUCTHK CHCTEM YIPaBICHUA TOJETOM MJii PEIICHHS
rJI00AJIbHON  TPOOJIEMBl  YNPABISIEMOCTH JIETaTEIbHBIX amnmaparoB) (cM. B

ncTouHuke 15).

2 Onpeneﬂenne 3aJa4 OICHKH KakK 3a1a4 olITUMHU3alluN

2.1 Ilouck HAMXYaIIET O Cay4ast

CornacHo nmoaxoaaM, ONMMCaHHBIM B UCTOYHUKAX HoMmep 2,4, 7,9, 10, 11, 13,

AJIA IPUMCHCHU A MCTOJ0B OIITUMHU3AllWMK 3aa491 OOCHKHN JOJIKHBI OBITh BBIPA’KCHBI

B BHJIE CKalisipHOUM 1eneBod (yHkiuu c(p, d), rie p — nmapaMmeTp ONTUMHU3ALUU,
93



KOTOPBIN ABIISETCS HETOYHBIM JTHOO BapbUPYETCS MO X0y MpoIecca ONTHMH3AIIH
(aspoguHamuueckue kKodduimeHTsl, Macca JIA, HHEepPIHMOHHBIE XapaKTePUCTHKH,
CKOPOCTbh, BBICOTA, CUJIa BETpa, U T. 1.), a d — AUCKPETHbIE KOMIIOHEHTHl CUCTEMBbI
yrpaBieHus (KoMnoHoBKka JIA, mapamMeTphl MOCa0YHBIX TPUCIIOCOOICHUH, H T. 11.).
[Ipennonaraercs, 4TO KOMIIOHEHTHI P OTPAaHUYEHBI, U U3MEHSAIOTCS TOJIBKO B paMKax
M3BECTHBIX MHTEPBAJIOB, OMpeAesis KOMIOHOBKY runepbokca P. Takum obpazom,
npo0iemMa OLIEHKHM MOXET ObIThb C(POPMYyNHpPOBaHA KakK MpoOiemMa MUHUMU3ALMH
puckoB. Vcmonb3yss MUHIMAIBFHO TOMYCTUMOE 3HaUY€HUE C B (DYHKIIUU TOIYYUM,
4r0 Cmin(d) = mingep (C(p, d)) siBIsETCS KpUTEpUEM BBIOJHCHHS OICHKH.
TpeboBaHuUs OIICHKH YAOBICTBOPEHBI [T yCiIoBuUs d B ciiydae, eciiu Cmin(d) > Co(d),
B IPOTUBHOM CITydae KPUTEPUU HE COOMIOACHBI. JTa (hOPMYIUPOBKA MOKET TaKKe
pacmpoCTpaHIThCSI HA HECKOIBKO KPHUTEPHUEB, COTJIACHO TEOpUHU IPPEKTUBHOCTH
[TapeTto (uctounuku 16 u 17). Tenepb HEOOXOUMO PEUINUThH CIACAYIOMIYIO 3a7a4y

ONTHMHM3ALIHN:
[ci(p)] fori=1,..mstpf<p;<pl,j=1.n (2

Eciu [Ci (p)], P* € Prapero ABIAETCS pelIaroniell TOYKOW ONTHMAIbHOTO
.\WC

MHOkecTBa [lapero, Haumxymammii ciydail kputepus Ci oTpeJiesieTCs

MHWHHUMAJIBHBIM 3HAYCHUECM BCECIO JUAIIa30HA 3HAUYCHUM p*:

¢’ = mingeep (¢! (")) (3)

Kakx mpaBwio, camMbiMM TONYJSIPHBIMH  TMOAXOJAAMH B  PEIICHUU
MHOTOIIETEBBIX TMpo0iemM sBistorcs: (1) oObenuHeHHWE STUX MpodiieM B
OJTHOIIENIEBYIO (DYHKIIMIO U TOUCK €IUHOTO PEIICHHS], KaK B METOJE B3BEIICHHOU
CyMMBI WJIM (PYHKITUSAX MaKCUMaJIbHOW MOJE3HOCTH; (2) HANPSIMYIO BBISBUTH DS
HEMOAYMHEHHBIX MapeTO-ONTUMAIBHBIX PEHICHU. 3agadeil 3TOro Mcciaea0BaHMs
SABIIIETCSI OOOCHOBAHHME MPAKTUYECKOW TOJIb3BI BTOPOTO TOAXO/a B PEIICHUU
mpo0ieM TOWCKAa HAWXYyAIIEro ciydas, TJA€ HWHTepeC TMPEACTABISIOT JHUIIIb
MpeeNbHbIe 3HAYeHHUs ONMTUMAaIIbHOTO MHOXecTBa [lapero.

AJNTOPUTM BBICOKOM CIIOKHOCTH, MMeHyeMbld NSGA-II, 1 oCHOBaHHBIN Ha

HETOIUUMHEHHOU COPTUPOBKE, onucaH Jlebom B ero kaure (cMm. uctounuk 1). Lenpio
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anroputMa NSGA sBisiercss 0OecrieueHHEe COOTBETCTBUSI BApUAHTOB PEILICHUS
¢yHkuum pacnpeneneHuss Ilapeto B OTHOIIEHMHM psga UENEeBbIX (YHKIHH,
OCHOBaHHOE Ha 3aKoHe pactpezeneHus [lapeto (cMm. uctounuk 3), riae COOTBETCTBUE
OTJEJIBHOTO 3HAYEHUS ONIPEAEIISIETCS YUCIOM 3HAUEHH, KOTOPOMY OHO MOJTYMHEHO.
NuauBuayanbHoe 3HaueHue (ps mapaMmeTpoB) A MOAYMHEHO 3HadYeHHio B, ecnu
BCE LIEHHOCTHBIE KPUTEpUH, OTHOCAIIMECS K B, NMEIOT MeHbllee 3HaYCHUE, YeM
kputepun, otHocsmuecss K A. Takum oOpasom, Pacnpenenenue Ilapero ms
OTJEIbHBIX 3HAYEHHUH ONpeeNsieTCs YUCIOM TOMUHUPYIOIUX 3HAYEHUH IJTI0C emié
OJIHUM OTEJIbHBIM 3HAUECHHUEM.

Cam mo cebe anropuT™ SBJISETCS MPUMEPOM SBOJIIOIMOHHOIO aJTOPUTMA,
peaNM3yoIero SBOJIONUOHHBIE ONEpallK, Takue Kak BbIOOpKAa 3HAYCHUH,
reHeTHYECKOe MepeceyeHre 3HAUCHUI, a TaKXKe WX TeHeThdeckas myTtanus. Bech
o0beM 3HAYEHUH COPTUpPYETCS B  HEpapXU4Hble TMOJATPYIIBI  COTJIACHO
Pacnipenenenuto Ilapeto. HertoxkaecTtBeHHOCTh uiieHOB noarpynm psiga Ilapero
KOPPEKTUPYETCS IPUMEHEHUEM KOHIIENIIMHA COBMECTHOTO UCIIOIb30BaHUSI.

B »osTOoM wuccrmenoBaHMM BCE€ KOMIIBIOTEPHBIE BBIYUCIEHUS B paMKax
OLICHOYHOT0 aHaiu3a ObUIM pPEalM30BaHbl MOCPEACTBOM CpPEIbl ONTUMU3ALNH
MOPS (Cunte3 MHOTOIENeBbIX MapaMmeTpoB) ['epMaHCKOro LEHTpa aBHALMHU U
KOCMOHABTUKH (CM. HMCTOUYHHK 6). IIpuMeHsieMblii B O3TOM cpelie aaropuTMm
MHOTOKPUTEPHAIILHON ONTHUMH3ALMU  SIBIAETCS KOMOMHAIMEW KOMIUIEKCHOTO
MEXaHu3Ma aHajin3a, OCHOBAHHOI'O Ha HEMOAYMHEHHON COPTUPOBKE 3HAYEHUU, U
AITOPUTMA JIOKAJIBHOI'O ITOMCKA, OCHOBAHHOI'O HAa HECKAJIIPHOM cxeme noucka. [Ipu
TAaKOM THOPHUIHOM TIOAXOJI€ KOMIUICEKCHBI MHOTOKPHUTEPUATBHBIM  TIOUCK
[IOCTOSIHHO ~ TIEPEMEXKAETC C KOPOTKOM  JIOKAJbHOW  OJHOKPUTEPHUAIBHOU
ontumuzanuen. OxuaeMbIMU IPEUMYILIECTBAMU TaKOT O MOAX0a MOTYT CTaTh:

1) nmeTepMHHHPOBAHHBINM TOWUCK 110 KaXJIOMy OTICILHOMY KPHTEPHUIO
criocoOeH 3a 0oJjiee KOPOTKUM MPOMEKYTOK BpEeMEHU OOECHEUHUTh MPHUEMIIEMOE
pelieHre, BKIYas U MUHUMAJIbHOE PEIIeHUE ISl KaXkKA0r0 OTAEIbHOTO KpUTEpHsS,

2) Gojee TOYHBIE MUHUMAJIBHBIC 3HAYCHUS KaXKJIOTO OTICIBHOTO KPUTECPHS

pacIIMpSIOT AUana3oH 3HAYEHWM dYacToThl pacrtpenesieHus Ilapero. Jrto, kak
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MPABUJIO, YCKOPSET ITOMCK DJIEMEHTOB YaCTOThI PACHPENCICHUA CPEANU OTIEIIbHBIX
3HAYCHUU 33 CYET FTEHETUUECKUX aJITOPUTMOB IIOUCKA,

3) MUHUMAJTBbHOE 3HAUCHUE KAXKIOT0 KPUTEPHS ONpeIeisieTcs 00Jiee TOUHO 3a
CYET aJIrOPUTMOB JIOKAJIBHOTO TMOUCKA. DTO OCOOCHHO YI0OHO TMpU MOUCKE
HAUXYIIErO CIyYas.

OnbIT MOKa3bIBAET, YTO MHOTOKPUTEPHUATIBbHBIN MOUCK HAUXYAUIErO Clydas
COINPOBOXKIAETCA TEM K€  KOJIMYECTBOM  KPUTEPUEB IMOUCKA, YTO H
OJTHOKPUTEPHUAIbHBIM, OCOOCHHO TIPU HCIOJIb30BAHUM THOPUJAHOM TEXHUKHU
ontumu3zanuu. CregoBaTesibHO, B CJIy4ae C HECKOJbKUMHU KPUTEPHUSIMHU OIIEHKHU
MHOTOKPUTEPHAIBHBIM MOUCK HAUXYAIIETO Ciydas CHOCOOEH COKpPATUTh
BBIUHCJIMTEIILHBIC 3aTPAThl, TAK KaK BCE WJIM HEKOTOPHIE KPUTEPUHU OLECHKH MOTYT

OBITH OJTHOBPEMEHHO YOBJIICTBOPEHBI 3 OJIMH 3aITyCK aJIrOPUTMA.
2.2 0O0J1aCcTH COOTBETCTBUSA

[Tpob6ema morcka o0racTeit COOTBETCTBHSI TIPECTABIISIET OOJBIION MHTEPEC
IUIT aBHAKOCMHYECKOW TPOMBIIINIEHHOCTH, OMPEENsisi OrpaHWYeHHs oOyacTeit
NONETHRIX peXUMOB. Ha mpakTuke, mouck obiacTei B MPOCTPAHCTBE IMapaMeETPOB,
MIOJTHOCTBIO  COOTBETCTBYIOIUX  TPOU3BOAWTEIBLHOCTH  CHCTEMBI, TaK K¢
IPECTaBIIICT OOJBIION HHTEPEC, ONMpPENeNsisi OrpaHUYCHHUS OOJIACTH IOJIETHBIX
pexumoB. OOmass ¢GopMylIHpoBKa JTOM TPoOOJNEMBbl, KaK MHHUMYM JJis

OJTHOCBSI3HBIX 00JIaCTeH MapaMeTpoB, Kak MPOOIEMbI ONITUMU3AIUNH BHITIISIUT TaK:
MAaKC [pzu - pf’] , 8.t ¢ (p) = Cjo,zmx scexpf[pl', pU] (4)

[Ipo6nema MHOTOKpUTEPUATHHOW ONTUMH3AIMK JIOJDKHA OBITh peIlleHa
MyTEM ONPEAEIEHUS AUana3oHa OTIEJIbHBIX 3HAYCHUM MApAMETPOB KaK KPUTEPUS
ONTUMHM3ALMN TPU YCIOBHHU ITOJHOTO YJOBIJIETBOPEHUS KPUTEPHEB OLIEHKH. B
o0IeM CMEBICHe, dTa YHUBEpCalIbHas MpoOjeMa ONTHUMH3AIMU HE MOXXET OBITh

pelIeHa pa3yMHBIMU MEpaMH KaKk MUHIUMYM JIJ1s1 OOJIBIITMHCTBA TTapaMeTPOB.
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bes mnorepu o00mero cMeicia JAHHOTO PACCYXACHUS Mbl MOXEM
MIPEANIOJIONKUTD, YTO IMAPAMETPBI ONTUMHU3ALIMY HOPMUPYIOTCS B quamnasone [—1, 1].
Teneps, cBoms mpoOseMy oOjacTeid COOTBETCTBUS 1O IOMCKA LEHTPAJIbHBIX,
PaBHOOTPAHUYEHHBIX MHTEPBAJIIOB MapaMeTPOB, MOKHO CIEIYIOUIUM 00pa3omM
chopmynupoBath MOpoOIeMy ONTUMU3ALUM, TMoapazymeBas, 4yto p = 0

COOTBCTCTBYCT BCEM KPUTCPHUAM OLICHKH:

max(||p]l.), TaK, 9106l ¢; = ¢, p 3 [-1,1] (5)

Tenepb HEOOXOAMMO PEIIUTH MPOOIEMY OJTHOKPUTEPHUATIBHON ONTUMH3ALINH,
IpU YCIOBUH, YTO BCE KPUTEPUHU OLIEHKU OyIyT COOIIOCHBI.

OBOJIIOIIMOHHOE MOJIEJIMPOBAHHME TMPEAJaraéT MWHOM KOHUENT IOUCKa
o0nacTeil HECOOTBETCTBUM, T.€. 00JACTEH, KOTOPbIE HE COOTBETCTBYIOT XOTs OBl
OJIHOMY KPUTEPHUIO OLEHKH. DTH 00JIaCTU MOTYT OBITh OECCBA3HO pa3OpOCaHbl MO
BCEMY JAMamna3oHy napameTpoB. [Ipum HCHOJIB30BaHMM KIIACCUYECKHX METOAOB
ONTUMU3ALIMH, B OOJIBIIMHCTBE CIy4aeB MPUBOIALINX K ONTUMAIBHOMY PELICHHUIO,
OeccBsi3HbIE 00JacTH IapaMeTpoB CO Ci1adO0il MPOU3BOJUTENBHOCTbIO HE MOTYT
ObITh ompezeneHbl 0e3 pucka g cO00sl CUCTEMBl. Y3KOHAIIPABIIEHHBIE
(BBITECHSIIOIINE PACCTOSIHUE MEX]y 3HAUEHUSMHU) KOHLENTHI, pa3paOOTaHHbIE IS
BHEJPECHMSI B F€HETUYECKUE AJITOPUTMBI, MO3BOJISIOT, BO-IIEPBBIX, MOAIEPKUBAThH
BCEOOBEMITIONIEE, BBHICOKOE COOTBETCTBUE KPUTEPHUSIM OIIEHKH, IMOKa3bIBas IpH
9TOM, OJIHAKO, 3HAYMTEJIBHO OTJIWYHBIE DPE3YJbTAaThl PAcdy€TOB, a BO-BTOPBIX —
IIOMOTal0T H30€XaTh IMPEKIECBPEMEHHOIO CXOXKIEHUS TOYEK JIOKAJIBHOIO
MHUHHMYyMa (CM. UCTOYHHUK 5).

IIpy wWCHOJNIB30BaHMM  Y3KOHANPABIECHHBIX AJITOPUTMOB, COOTBETCTBHE
WHJAMBUIYaJIbHOTO 3HAYEHHUs] pPAaCCUUTHIBAETCS B BHJE JOJDKHBIM 00pa3oMm
BBIBEPEHHOTO COOTHOIICHUS 3HA4YeHMs LIeJeBOM (yHKIMHM U KpaTdaiiero
paccTosiHUAsSl 10 JApPYrMX 3HA4YeHUM B oOsacTu mnapaMeTpoB. B Hamelr cpezne
ONTHMH3ALMN y3KOHANPABIEHHBIN MOAXOJ MNPUMEHSETCS TOJBKO ISl PEIICHHS

OJHOKPUTCPHAJIbHBIX 3a1a4.
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2.3 Biausinue mapamMeTpoB Ha KPUTEPHUHU OLCHKHU

[lonnManue BIVMAHUSA NAPAMETPOB HA KPUTEPUM OLEHKH YCTOMYMBOCTHU
CUCTEMBbl TpEACTaBisAeT OOJBIION HMHTEpeC M Ppa3pabOTYUKOB aJITOPUTMOB
YIPABJIEHUS YCTOMYMBOCTHIO. BaXKHOCTh OTAENBHBIX TAPAMETPOB B CIydasiX, KOraa
yCIOBUSL KPUTEPUEB OLEHKU HApyIIEHbl, MOXET OBITh OIlEHEHAa B paMKax

CIEeAYIONIEeH MpoOIeMbl ONITUMUBAIUU
. _ 0 = :
makc. (||pll,), Tak. 906 ¢ < ¢ , P 3 [-1,1] (6)

DTO0 Tak e MOATBEPKAAET, YTO HYJIEBbIE 3HAUCHMSI MapaMeTpa MOJIHOCTHIO
yIIOBJIETBOPSIIOT KPUTEPUSM OILICHKH. Tak Kak BCE COCTaBHbIE YacTU BEKTOpa P
napaMmeTpoB COOTBETCTBYIOT NMEPBOM HOPME, MUHUMAJILHOE 3HAYEHUE MOXKET OBbIThH
pacCUMTaHO JIMIIb NMPU YCIOBUH, YTO BCE 3HAUYC€HUS HEA(P()EKTUBHBIX MM MEHEe
3¢ (PeKTUBHBIX MapaMeTpoB OyAYyT CTPEMHUThCS K Hymo. M3-3a orpannuenuii, 6onee
3¢ (deKTUBHbIE MapaMeTpbl JOCTUTAIOT 3HAYEHHUH, OTIMYHBIX OT  HYJS.
MuHuManpHOE€ 3Ha4Y€HHE HE JOJDKHO OBITh YHUKAJIBHBIM. B KOHEuHOM
MUHHMAaJIbHOM 3HA4€HUU Bce HEI((EKTUBHBIE MapaMeTphbl JTOJKHBI JTOCTUraTh

HYJIEBOH OTMETKH.
3 OneHka aaropuTMa ynpanJjieHUs] paKeThbI-HOCUTEJ sl

OneHOUHBIN aHaNW3, pPEaJM30BaHHBIA B OSTOM paboTe, OCHOBaH Ha
00pa3oBoil, MPOMBINUICHHOW HEJIMHEHHOW CUMYJSIIMOHHONW MOJEIN PaKeThI-
HOCHUTEIS C IIECThIO CTEMEHSMU CBOOOJIBI, SBISIOMICHCS STAaJOHHON MOJEIBIO
npoekTta EBporeiickoro kocMuueckoro areHrcrBa “OlneHka U KOHTPOJIb KauecTBa
CHUCTEM YIIPaBICHUS YCTOWYMBOCTBHIO JeTaTenbHbIX ammapatoB” (ESA AO/I-
6322/09/NL/JK). Moaenb konupyeT pakeTy-Hocuteds BEI'A, HOBYI0 €BpOIEHCKYIO
JETKYKD  PAKEeTy-HOCUTENIb, CKOHCTPYHPOBAaHHYK  cujgaMu  EBpomnenckoro
KOCMHYECKOIO areHTCTBA, BKJIOYAsl HEIMHEHHYI0 NTWHAMHUKY CUJIOBOTO IMPHUBOJA,

MCXAaHHUKY HOJ'IéTa, AOPOJNHAMMHKY, BXOJHBIC JaTYMKKM BCTpPad, HHCPIHUOHHYIO
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cucteMy W Japyrue pAatdyuku. OHa OCHaIlleHa WCYEPIBIBAIONIEH CUCTEMOM
HaBEJICHUS, HABUTAIlMU U YIPABJICHUS, YTO O0ECIEUUBACT YIPABJICHUE BEKTOPOM
TATU W CTAOWIM3AIMI0 YTJIOB BEKTOpa M TaHraxka. s aHaimm3a B pamKax
MIPOBEJICHUS OIIEHKM MOJIeJb OCHalleHa OJ0KoM 00paboTku 3amu@poBaHHOM
nH(pOpMaIMK, YTO UCKIIFOYAET JOCTYII K OpraHy yIpaBJIeHUS U KOHPUTypaiuu.

Tem He MeHee, B MOJEIU MPEIYCMOTPEH BHEIIHUN JOCTYN K OOJBIIOMY
KOJIMYECTBY HEOMNPEJCNEHHBIX [MapaMeTPOB, TaKUX KaK a’poJIMHAMHUKA, TOK
BO3JlyXa, HHEpIIMaIbHasl KOOpIMHATHASI CHCTEMAa HaBUTAIluH, pa30pocC TATH, Macca,
IEHTp  TpaBUTAIlUM,  WHEPIMOHHBIE  XAPAKTEPUCTUKH,  CMEIICHUE U
HECHUMMETPHUYHOCTD TSTH, TTOKA3aTeJIM BO3YIITHON CPeIbl U OTPBIB MOTOKA. B 3TOM
UCCJIEIOBAHUU TIOJIpa3yMeBaeTcs y4yacTok monéra mexay 35 merpamu u 60
KWJIOMETpaMU C 3aJIcCTBOBaHMEM 84 HEOompeAeNEHHBIX TapaMeTpoB sl
npoBeACHUsT OIEHKU. J[JIT BO3MOXXHOCTH BHEIIHETO JIOCTyNla BCE MapameTphl
MPUBEICHBI B COOTBETCTBUE C AuanazoHoM [—1, 1].

PaccmarpuBaeMbie B 3TOM HCCIEOBAaHUN KPUTEPUH OLEHKU MPEJCTaBISIOT
co00l TpaauIIMOHHBIE TPEOOBAHMS K MOCTPOEHUIO BEKTOpPA TATU M CTAOUIIU3AINH
YIJI0B BEKTOpa M TaHra)xa B T€UEHHUE MepBOro srama nojéra. Bocemb kputepuen
OLICHKM  OBLIM  BBISBICHBI M3  MAaTPUIIBl  COOTBETCTBHS  KacaTeJIbHO
IPOU3BOIUTEILHOCTH OpraHa MONepeyHOro YIIPaBICHHS U TPEOOBAHMUS 10 HATPY3Ke
B TEUCHHE MOJIETA U SIICIOHUPOBAHUS:

1) TpeboBaHMs 110 HATPY3KE YTBEPKAAIOTCS MyTEM MIPOU3BEACHHUS MTOKA3aTEIsA
JTUHAMUYECKOTO JABJICHUS W yriia Ha0eraromero noroka Qa Ha OCHOBaHWU 4YHCIIa
Maxa (kputepuii 1),

2) CHOC M CKOPOCTb MO HampaBieHUsIM Y U Z U3BMEPSIOTCS IO BCEMY
JMaIa3oHy BBICOT, @ UMEHHO Mexky 35 meTpamu u 60 kuiioMeTpamu (KpUTEpUH 2,
3,4u5),

3) orpaHWYCHHs IO HAKIOHHOMY YIJIOBOMY YCKOPEHHUIO JOJDKHBI OBIThH
COOJIIOJIEHBI B TEUEHUE BCETO MOJETHOTO dTamna (Kputepuii 6),

4) monepevHast yriioBasi CKOPOCTb BO BpeMsl SIIICJIOHUPOBAHUS JTOJIKHA OBITH

OTpaHUYEeHA HEKOTOPBIMH MOKa3aTeIAMM (KpUTepuil 7),
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5) yron nHaOeraromero MmOoTOKa HE JO/DKEH MEHSTHCSA B TCUCHUE BCETO
mpolLecca SUIEJIOHUPOBAHUS (KpUTEpUH 8).

Bce kputepun TUMUTUPYIOTCS WM OIPAaHUYMBAIOTCS TAKUM 00pa3oM, 4TOOBI
BBIXOJ] TOKa3zaTelield 3a Mpejaesibl 3HaueHus -1 cTan HapylleHHeM TpeOOoBaHUM
OLICHKU. B ciydae ¢ TaHHBIM PSIOM HEOINpeAeNEHHbIX MapaMeTPOB MEPBBIM ATal
non€ra MOZENMpPYETCS JO JTala JIICJIOHHPOBAaHUS. 3aTEM  KPUTEPUU
BBICUUTBHIBAIOTCS. M3  PA3JUYHBIX  BBIXOJHBIX JAHHBIX, MPEJOCTaBICHHBIX
BBICOKOTOYHOU CUMYJISITUOHHON MOJEIIBIO.

Llenecoobpa3HOCTh MPUMEHEHUS MHOT'OACIIEKTHOM ONTHUMHU3ALMM B Clydyae
N0JI0OHOW MHOTOKPUTEPHAIILHONW MPOOJIEMBbl OLIEHKH OINMCaHa B HCTOYHHKE 12.
PesynpTaToM cTana mepeHacTpoika alropuTMa ynpaBJIeHHs, YTO 0OECIIEUHUIIO €ro
JY4YIIyl0  MPOU3BOAUTENBHOCTh,  OCOOEHHO MO  MEPBOMY  KPUTEPUIO
Ipy30M0IbEMHOCTH, U TIOUCK HAUXYJIIIETO cliydas cTan 00jee MHOI0OOEIIAtoIINM
Jake MPHY UCTIOJIb30BAaHUU TEXHUKU THOPUIHON ONTHUMH3ALINH.

Ha Puc.l uzo0paxkeHbl pe3yiabTaThl KpUTEPUATBHOU OIEHKH €IMHUYHOTO
3almycka ONTHMM3AIUU i1 KOMOMHAIIMM TapaMeTpOB YacTOTHI pacIpeieIeHHUs
[TapeTo, T.e. 1Isl 3HAUCHUHN, IPETEHAYIOIIUX HA 3BAaHUE ONTUMAIBLHOTO MHOXKECTBA
[lapeTto. DTu pe3ynbTaThl MOKa3ald, YTO BCE KPUTEPUU  YIYUIIUIU
IPOU3BOJIUTEILHOCTh B CPAaBHEHHHM C QJITOPUTMOM YIPABJICHHS, OLICHEHHBIM B
uctounnke 12. OpgHako Bce emé MMEeT MECTO HEeCOOIIOJeHHE IPEaCIBHOTO
3HaueHUs OLEeHKH -1 nis kputepues 1 u 7. bonee Toro, cymecTByloT KOMOMHAIIMH
napaMeTpoB, OJTHOBPEMEHHO HapyIIaoLie 00a 3TU KpUTEepusl.

Crnenys wu3oOXEeHHOM B 12 HCTOYHHMKE CTpaTerMyd  OLEHKH, JJIA
MOATBEPKACHUS JOCTOBEPHOCTU BBISBICHHBIX TJI00ATBHBIX HAUXYJIIUX CIy4acB
HeoOxonuMo 10 pa3 MPOBECTH MOUCK HAUXY/IINX CIIy4YaeB, YCTAaHABIUBAS Pa3HbBIE
HAYaJIbHBIE WM CTAaTUCTUYECKHUE YCIOBUS. BBIMOTHUB AECATHUKPATHBIA TIOWCK,
npuHuMas 3HadeHue 0,7 3a K03pGUIMEHT yCTENHOTO HAXOXKIACHHS TII00ATBHBIX
HauUXyAIIUX CIy4aeB 3a OJMH 3allyCK ONTUMH3alMH, Mbl jgocturaeMm 99%

AOCTOBCPHOCTH ITOJYUYCHHBIX JaHHBIX.
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Hu onuH U3 3amyCKkoB NOMCKAa HAMXYAIIUX CIy4daeB HE Hapymur 2, 3,4, 5u 6
KPUTEPHUEB OLEHKH, B CBSI3M C YEM HMX MOXHO CUMTATh COOIIOAEHHBIMH. OgHAKO
KpUTEPHUH OLIEHKH 332 HOMepaMHu 1, 7 1 8 HapylaloT peAesIbHOE 3HaUYEHUE OLICHKH,
KaK MUHUMYM HE3HAYUTEJIbHO (OCOOCHHO §), 32 KaKIbIH 3alycK MOUcKa. Takum
o0Opa3oM, TpeOOBaHUs OLIEHKHU IO 3TUM KPUTEPHUSIM BCE €1le HE YJIOBIETBOPEHBI.

['uOpuaHas onTUMU3AIUS BBINOIHAIACH TONBKO JJISl TJ100AJBHOrO MOUCKA,
ycTaHaBlMBas 3HaueHue o00bEémMa coBokymHocTH 200 Ha 100 reHepanuii 3Ha4CHUH,
u npou3Boasa 20000 Mooyl U KpUTEPUAIbHBIX BBIUMCICHUN. MTepallMOHHO
AKTUBMPOBAHHBIN JIOKAJIbHBIA TMOUCK TpeOyeT B CPEIHEM TO K€ KOJUYECTBO
BBIYMCIICHUH. 3allyCK onTUMU3aluy, BKiaodaromuil 40000 BeIYMCIEHUN, 3aHUMAET
OKOJIO 4YeThIpEX YaCOB pPACUETHOIO BPEMEHM HA HACTOJIHLHOM KOMIIBIOTEpE,
obopynoBaHHoM nByMms mporeccopamu Intel® Xeon® X5550 (2.66GHz), B TO
BpeMsi Kak mapajulesibHbId npuHIMI 00paboTku nanueix MOPS ucnonb3oBaiics ¢
3a/1eiCTBOBaHUEM 4 YEIIOBEK.

Hnst obmieit mpoOieMbl OIEHKH, BKIIOYawmie 8§ kputepueB u 84
HEoMpeeNEHHBIX MapaMeTpa, TOUCK 00JiacTeli HECOOTBETCTBUS OBLI OCHOBaH Ha
npoOsieMe HOPMHMPOBAaHHOM ONTUMHU3AIMM, OINHCAHHOW B HCTOYHHKE 5.
PesynbTaTom MaKCUMaJIbHO-HOPMUPOBAHHON ONTHUMU3AIUU ABJISIETCS
MaKCHMAJIbHO JlaJIbHEE pacmpocTpaHeHue o0acTeil mapamMeTpoB, HAUWHAs C HYJIS,
YTO SBISETCS PACUETHBIM YCJIOBHEM, MpPH KOTOPOM HHU OJHA KOMOMHAIUS
napaMeTpoB HE HapyIIaeT YCIOBUSA OIEHKH, TaK KaK HM3BECTCH a0COIIOTHBIM
mMuHuMyM. Ha Puc.2 u300pakéH pe3ynpTaT HMCUYEPHBIBAIONICH ONTHUMHU3AINUA C
npuMepHo 57000 BbIUMCIEHU, OCHOBAaHHBIH HAa METOJAE TIE€HETHYECKOMN
onTuMm3anuu, peanu3zoBaHHoM B MOPS (Cucreme cHHTE3a MHOTOIEIEBBIX
napameTpoB). CHHUE TUIAHKU MHAMKATOPOB CUTHAIM3UPYIOT O TOM, YTO 3HAYECHHMS
[IapaMeTPOB MOT'YT OTKJIOHUTBCSI OT HOMUHAJIBHBIX Ha 75%, HE Hapylas [pu 3TOM
KPUTEPHUEB OLICHKHU.

UyBCTBUTENBHOCTh IMapaMETPOB H3ydaslach NYTEM A0padOTKH Ipouecca
ONTUMM3ALMH, TENEPh COKPALIAIOIIET0 NEPBYI0 HOPMY HETOUYHBIX 3HAYEHUU, MPU

KOTOPBIX 00JIaCTh MapaMEeTPOB OrpaHUUYMBAIACH MAKCUMaIbHBIM 3HaueHuem 0,75,
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KaK 3TO ObUIO yHOMSIHYTO BbllIe. TakuM oOpa3oM 0XHIAETCs, YTO BCE 3HAUCHMS
[IapaMeTpoB, KOTOpbIE CJ1a00 BIMSIOT, WM BOOOLIE HE BIMSAIOT Ha TpeOOBaHMS
KpUTEPHUEB OLIEHKHU, OynyT npubamxaThcs K orMetke 0. PesynpraT 3TOro npouecca
0TOOpakeH 3eEHBIMU IJIAHKAMHU UHIUKATOPOB. HekoTophlie 3HaueHust mapaMeTpos,
M300paKE€HHbIE OOJIBIIMMU CHUHUMHU HHJUKATOpaMHd, HE COINPOBOXKIAIOTCS
3eJIEHBIMM; HAIIpUMEp, 3HaYEHHUs o7 HoMepamu 19 u 21. D10 roBoput 0 TOM, 4TO
3TH 3HAYEHHs CJ1ad0 BIMSIOT, WIK BOOOILE HE BIMAIOT HA HAPYIICHUS KPUTEPUEB
onieHku. OIHAKO, TaKk Kak 00JacTh MapaMeTpOB OrpaHUYEHA, JUIsl HApYILICHHUs XOTs
Obl ogHOrO Kputepus ouneHku 30 3HAYeHUN MapaMeTpoB JOJKHBI OTXOJIUTH OT

HOpMBI Ha 75%.
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Puc.l: JIByxmepHas IUIOCKOCTh TI€PECEUCHHS BOCBMH KPHUTEPHEB
onTUMaibHOro MHOXkecTBa [lapero. JlumaroHanbHble naHarpaMMbl —SIBIISIIOTCA
TUCTOrPaMMaMH Ka)KJI0I'0 OTJEJIBHOTO KPUTEPHS.

Korma oTkioHeHHMS JOCTYNHBI JIsi BCel 00JlacTM mapaMeTpoB, 3ajada
OoNTHUMU3AIMU Ja€T OTBET HA BONPOC, KakWe W3 MapaMmMeTpoB Haubosee
9yBCTBUTENbHBIE (MCTOYHUK 6). [Ipumepsl momoOHOTO pe3ynbTaTa ONTUMHU3AINH
M300paKEeHBl KOpWYHEBBIMU WHAMKaTOopamu Ha Puc.2. Tompko 10 3HavyeHuit
[IapaMETPOB MOKA3bIBAIOT 3HAYUTEIBHOE OTKIOHEHHE OT HOMUHAIBHOTO. Takum
obOpazom, 3t 10 ciry4aeB OTKIOHEHHS 3HAYEHUH MapaMeTpPOB CTaHYT MPUUUHOU

HapylIeHUs] KAK MUHUMYM OJTHOTO Kputepus ouleHKU. OJIHaKo, N1 OOJIbIIMHCTBA
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3HAQUEHUW TMapaMeTpOB HAPYLICHUWE BO3MOXXHO JHUIIb MPU CTONPOLIEHTHOM

OTKJIOHCHHH.
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Puc.2: O6J'IaCTI> HECOOTBCTCTBUA, BbIABIICHHAA HYTGM MaKCHUMaJIbHO-

HOpMHpOBaHHOﬁ OIITUMH3AlINH, a TAKIKC UYYyBCTBUTCIIbHOCTD 3HAUYCHUM ImapamMcCTpOB,

BBIABJICHHAS ITYTEM OIITUMHU3AINH B PaMKax HGpBOfI HOPMBI IJI1 PAKCTBI-HOCHUTCIIA.

4 IlpyuMeHeHHMe Y3KOHANIPABJICHHBIX METOJA0B MOUCKA JIf1 ONpeaeeHust

o0J1acTel HECOOTBETCTBUSA

Jlist GONbIIMX KOMMEPYECKHUX BO3AYIIHBIX CY/OB TpeOOBaHUEM SIBISETCS
Harpy3Ka, He MpeBbIMamas 2,5 T. ITOT OKa3aTelb ObLT YTBEPKIEH MTPH ITOMOIITH
MPOMBIIUJIEHHOW  BBICOKOTOYHOM  CUMYJISILMOHHOM  MOJENH, JONOJIHEHHOU
AKCIIEPUMEHTAJIbHOU AIEKTPOIUCTAHIIMOHHON CHCTEMOU YIIPpABJICHUS,

BKJTFOUAKOIIECH HEJTMHEHHBIN aJTrOPUTM 3alIUTHI OT MPEBBIIMICHUN 3aJTaHHOW HOPMBI
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Neperpy3ku g JAOCTUKEHUS COOTBETCTBUS YINIy HaO€raroumero mnoroka, yriy
MIPOCTPAHCTBEHHOTO PACHOJIOKEHUS CYJHA U CKOPOCTHBIM orpaHuyeHusM. [louck
HaUXYJIIEro ciyyas CloCOOEH PElIUTh 3TY CHIBHO HEJIMHEWHYIO 3a7ady OLEHKH

0e3 mpUOIU3UTENbHBIX 3HAUEHUI U YIPOLIECHUH.

O TOUKH MapmpyTa
*x TOYKH caCoil NPOHSBOINTENLEOCTH
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Cpepnaz ckopocTs

Puc.3: Pe3ynbraThl mouicka HaMXYALIEro Ciy4dasl, W300pa’kaoliue TOYKU
MapiipyTa co cinaboil MPOU3BOJUTENBHOCThIO (X) Ha CTaHIAPTHOW MOJETHOM
00J1aCTH, MPU UCIOJB30BAHUHN CHUCTEMBI AJIEKTPOAUCTAHIIMOHHOTO YIPABICHUS U
NPUMEHEHUH  TEeHETUYeCKOro  alropuTMa IOMCKa  0e3  HMCIOJb30BaHUS
y3KOHANPaBJIEHHBIX METOJIOB.

Juarpammsbl Ha Puc.3 u Puc.4 1eMOHCTpUPYIOT pe3yIbTaThl ABYX Pa3IuYHbIX
MOMCKOB Hauxynuiero ciaydas. O0e nquarpaMmbl U300pakaroT TOYKH MapiipyTa B
TEYEHUE ONTHMH3alMKM B  paMKax  CTaHJAPTU3UPOBAHHOTO  MOJIETHOTO
MPOCTPAHCTBA. TOYKM MapUIpyTa, KOTOPBIE HAPYIIAIOT OLEHOYHBIE PaMKHU
KodhuIrenTa Harpy3Kd, OTMEYEHBI KPAaCHBIM KpecToM. B TedeHue KaxKaoro
3alycka oONTUMHU3anuu mpou3Boauiock okono 200 Beluucienuid. Ha Puc.3
M300paKEHBI pe3yJbTaThl TMOWMCKa 0€3 WCHOIb30BaHMs Y3KOHAIPABICHHBIX
METOJIOB. Y CTPOWCTBO ONTUMH3ALMU ITOCTENEHHO COCPEAOTAYMBAECTCA B TOYKE
MHUHHMYyMa, 0TOOpakarolieil MIoXyr MPOU3BOAUTEILHOCTh Ha BbicoTe 0,6 U mpu
MakcuMalibHOM ckopocTu. Ha Puc.4, rme uzoOpakeHbl pe3ylbTaThl IMOUCKA C

HCIIOJIb30BAHHUCM Y3KOHAIIPABJICHHBIX MCTOJOB, MOXHO pPa3jIMiuTh CHIC OJHY
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00JaCTh MOJETHOTO MPOCTPAHCTBA C IUIOXOM MPOU3BOJUTENBHOCTHIO (3HAUECHHE
BBICOTBI NpuMepHO O MeTpoB Haja ypoBHEM Mops). OJHAKO, 3HAUEHHE TOYKH
MUHHUMYMa, OOHapy>K€HHOE MpPHU MOUCKE HAMXYJILIEro Ciiydas ¢ MCIOJIb30BaHUEM

Y3KOHAIIPAaBJICHHBIX MCTOA0B IIOUMCKA, HC CTOJIbL MaJIO, KaK IIpH IMOUCKE 0e3 HHX.

O TOUKH MapmpyTa
x TOYKH cnaColi NPOHSEOMNTENBHOCTH
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Puc.4: Pe3ynbraThl moucCKa HaMXYALIETO Ciy4asl, W300pa’karoliue TOYKU
MapIiipyTa co cinaboil MPOU3BOJUTENBHOCThIO (X) Ha CTaHIAPTHOW MOJETHOM
00J1aCTH, MPU UCIOJB30BAHUHN CHUCTEMBI AJIEKTPOAUCTAHIIMOHHOTO YIIPABICHUS U
MIPUMEHEHU U TeHEeTHYECKOTO aNropuT™Ma TIOWCKa, BKJIFOYAIOIIIETO
y3KOHarpaBjieHHble MeToAbl. OTUéTIMBO BHUAHBI JBE HECBS3aHHBIE OOJACTH

HECOOTBCTCTBUA.

5 BuiBoabI

N3 3Tux uccnenoBaHUM W pe3ysbTAaTOB, MOJYYEHHBIX NYTEM OLEHOYHOIO
aHalln3a, MOXHO CJeNaTh BBIBOJ, 4YTO IMOJAXOAbl K OLEHKE XapaKTEPUCTHK,
OCHOBAaHHBIE HA MHOTOACIIEKTHOM ONTHUMHU3ALHUH, MOTYT CTaTb HEOThEMIIEMOU
YaCThIO MTPOLEAYPHI OLICHOYHOTO aHau3a. M renepp HECKOIbKO KPUTEPUEB OLIEHKHU
MOTYT OBITH BBITIOJTHCHBI 32 OJIWH IIar 0€3 yBEINYCHHs BEIUNCIUTEIBHBIX 3aTpaT, B

OTJINYKME OT OJHOKPUTEpPUAIbHOM OlLeHKU. bonee Toro, oOHapyKeHHE
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€MHOBPEMEHHOI'0 HapyUIEHUSI Cpa3y HECKOJIbKUX KPUTEPUEB OLEHKH BO3MOXHO
JUIIb PU MHOTOACIIEKTHOM aHaJIHU3e.

Mertonsl  MUHMMU3UPOBAHUSA  HOPMUPOBAHHBIX  3HAYEHUM  IIYTEM
OTrpaHUYEHHUs JMara3oHa OLEHKH, a TakKe y3KOHAIpaBJIEHHBIE METOJbl aHaIu3a
MOTYT ObITh 3(p(EKTUBHO HCIOJB30BaHbl JJIA HaXOXIeHus objactei
HECOOTBETCTBUS M Il HH(pOpMUpOBaHUs 00 0OJacTAX, B pamMKax KOTOPBIX
orepanuyd MOTYT MPOBOJIUTHCA Oe3 pucKoB. bonee Toro, moHMMaHue BIMSHUS
napamMeTpoB Ha KPUTEPHUH OLIEHKH MOXKET OBbITh MOJIE3HBIM MPHU CO3JAaHUHM CHUCTEM
ANEKTPOAUCTAHIIMOHHOTO YIIPABJICHUS J€TaTeIbHBIMU arnapaTamH.

DopMyIHPOBKA KPUTEPUEB OLIEHKHU, HANIPSIMYIO OCHOBAHHAs Ha pe3yJbTaTax
CUMYJISILIMOHHBIX TECTOB, MOKET MPUBECTU K MOCTPOCHUIO UCKKEHHBIX WIIH JaXe
NPEPBHIBUCTHIX IEJEBBIX (DYHKIMI C MHOTOKpPAaTHHIM HAUMEHBIIUM 3HAa4YCHHEM,

CJIOKHBIM JIA paCIIO3HAHUA.
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MHHHCTEPCTBO HAYKH U BLICHIEINO OBPA3OBAHNS POCCHUCKOM DEJAEPALIAN
Dejrepaanioe rocyAapeTBennoe SioKeTHoe 06 pOBATEABHOE Yuperenmue

BBICILICTO obpa;onamm
«Kybanckmii rocy apeTBeHuLIi yIHBEPCH 1CT»

(PI'bOY BO «KyoI'V»)

Or3p1B
O BbIIYCKHOMN KBAIM(UKALMOHHOH padoTe
crysienTa Jlecosuna Biagnmupa Kpwesnya (54-TIIIT),
BBIOTHEHHOM 10 crienuanbioctH «llepeBos n nepeBoJoBeIeH e,
Ha Temy «TpyHOCTH MepeBoa aANMIHICKOro Hay THO-TEXHHYECKOTO

TEKCTd HA PYCCKHH A3BIK»

AKTYalbHOCTh TEMBI BBIIIYCKHOH  KBaJM(pHKaLHOHHIOH paboTsl
00yCNnaBIMBaeTCsl TeM, YTO B YCAOBHAX HENPeKpalalolerocsi HayuHo-
TEXHHYECKOro Mporpecca TeKCTLl COOTBETCTBYIOLUIGH HAMpPaB/ieniiocTd HacTo
BBICTYIIAOT B KayecTBe OOBeKTa MepeBoia; MNPH OTOM UIA  BBINOJIHEHUS
KaYeCTBEHHOI'O MEpeBO/ia HCOOX0AUMO NMOHHMATh, KaK TC HJIM MHBIC TPYIHOCTH,
BO3HHKAIOIIHE B MPOLECCE 1ICPLROJIa HAYYHO-TEXHHYECKOI'O TCKCTd, CBA3AHBI ¢ @10
0CODEHHOCTIMH, a TAKXKe K KAKHM MEPEeBOUECKHM MPHEMaM MOXKHO npuderars ans
UX MpeoaoJIeHHS.

B TeopeTMyecKoll HACTH  BHIIIYCKHOW  KBaJIM(MKALMOHHOH padoTsl
BBISB/ISIOTCS OCHOBHBIE JIEKCHYCCKHE H IPAMMATHHYECKHE TPYIHOCTH 1ICPEBOIa
AHIITHHCKOTO HAy4YHO-TCXHHYECKOro  TeKCTa 1A  PYCCKHH  A3BIK.
B pamkax NMpakTHYeCKOH 4acTH paboTbl HA MpUMepe (parMeHTOB HCCIENyeMOoro
TeKCTa AHANM3MPYIOTCA CIyYaW YMOTPEOJNEHHS XapakTepHBIX I HayuHO-
TeXHHYECKUX TCKCTOB JIEKCHUECKMX €JMHMUIL U I'PAMMATHUCCKHX KOHCTPYKUMIL. a
TAKKe BHINBIAIOTCA CIIOCOOB! X MEPe/iain Ha PYCCKHH S3BIK.

B x01¢ BcCiTeA0BaHHs OBUIH BBINOIHEHBI IIOCTABIEHHBIE H3HAYAJIBHO 3a/1a4H

H JOCTHTHYTa OCHOBHAs Ielb, 3aK/II0YaBIIasACs] B OINpPENCHCHHH, H3YHYEHWH H
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MHUHHCTEPCTBO OBPA30BAHUS U HAYKH POCCHHCKOMN ®FIEPALIUN
Deaepaneroe rocyapernennoe Oro/ukernoe obpasosarennnoe yupexaenue
BbICIIEro o0pasoBamms
«Kybanckmii POCYAAPCTBenHbIil yHHBepCHTET
(PI'BOY BO «Ky6I'Y»)

Penensus
Ha BRIMYCKHYIO KBATH(UKaHONTIY1O paboty cryachra Jlecopnua B.IO.,
BEIIOJHCHHOI 10 ClicManLiocTi «llepesos n nepepooBecHIey Ha TeMy
«TPYJIHOCTH HEPEBOJIA AHIJIMMCKOI'O HAY Y| 10-TEXHUYECKO! O
TEKCTA HA PYCCKMUIA SI3bIK»

Penensupyemas BRIyCKHasn  kpamndukanmonHas  pabora B.JO. Jlecosuna
MIOCBALICHA  OMHCAIMIO  crieundukn  nepeoa HAYUHO-TEXHHUYECKHX  TEKCTOB
AHIIIMICKOIO f3bIKa Ha matepuane dparmenta kimrn Joél Bordeneuve-Guibé u
Antoine Drouin, Clément Roos «Advances in Aerospace Guidance. Navigation and
Control». Passurue Haykn u rexHuky npeanoiaraet u odMen HHGOpMaLKCH B Mupe
00 OTKPBLITHAX. HOBBIX TEXHONOIMAX, HCCICA0BANMAX H T.A. CI0/KHOCTD M crneunduxa
TIEPEBOAA TaKoro BiAA HEGOpMANNIL ele e onucana B NOMHOIM Mepe, MOITOMY Tema
Heeaejoranus B.O. JlecoBuna BakHa 1 akTyasibHa.

Penensupyemas paGora cocToMT M3 ABYX Ias, rie MPH MOMOIIH CPABHUTCABHO-
COMOCTABHTCJIBLHOIO  METOAA  BBIABJACHBI  HPODJICMBI  TEPEBOJAA  O3HAYCHHOTO
AHIJION3BIMHOTO  HAYYHO-TEXHHYECKOIO TCKCTA, ONMMCAHBI MYTH HX pCIICHHA Ha
OCHOBAHHM MNPHMEHCHHBIX TMpH  MCPEBOJE  TpaHCHOPMALMIL:  rpaMMATHUECKHX,
NPC/CTABJICHHBIX B NepBOi ImaBe (¢Tp. 6-12) M jekcwucckux (etp.  13-28) — Bo
BTOPOi I71aBe Heeae10BaHus. BeposTHO, Cie/lyer OTMETHTD, YTO YCTKOE pasienelie
MEXKJTy JEKCHYECKHMMH M TPaMMATHYECKHMH TPaHCHOpMaUMsAMH IIPOBECTH BCC-TAKH
JIOBOJIGHO TPYAHO, [MOITOMY aBTOp paGOTEl CTONKHYJICS B 3TOM CMBICIE ¢
ONpeUIEHHBIMH NPOGIeMaMH, KOTOPbIe BCE-TAKH, HA HALII B3I/IS/I, YCIICLIHO PELIHIL.
HHuTepec npeacTapigioT ero paccykACHHUA 110 MOBOJY MepeBo/ia ¢ aHMIHHCKOTo
Ha PYCCKHH #3bIK HEJMYHBIX (opMm riaronos (cip. 7-10) i naccHBHBIX KOHCTPYKLMI
(ctp. 10-12), paccyx/aeHuss 0 MHOTO3HAYHOCTH TepMUHOB (cTp. 13-17), cioxHOCTSX
nepeposia cokparmennit 1 abopesuaryp (ctp. 17-21), MHOrOKOMITOHEHTHEIX TEPMHHOB

(ctp. 21-24), yCIOBHEIX M THIIOTETHYECKHX (POPMYIHPOBOK (CTP. 24-25), Kay3aTHBHBIX

KOHCTpYKLMit (cTp. 25-28) H T.4.
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